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ABSTRACT
The assessment of safety climate in the workplace has been a recurring research 
topic over the last four decades.  Often assessed through the collection of Likert-scaled 
survey instrument data and subsequent data analysis, previous research studies have 
indicated that there are potentially a number of latent factors which account for safety 
climate perceptions of the studied population that may not be revealed through survey 
data collection.  Lacking in the body of research is a mixed-methods approach that can 
substantiate the level of influence these identified factors have on safety climate 
perceptions.
 The research in this dissertation sought to identify factors influencing safety 
climate, and combined with additional data collection in the form of personal narratives, 
these identified factors were examined to determine the degree by which the identified 
factors influence and characterize personal and group safety climate perceptions.  This 
was accomplished through use of a Constructivist Grounded Theory approach to the 
research question, which allows for continual data collection as well as proceeding with 
research without the need to formulate a testable hypothesis before investigation begins.
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1CHAPTER 1.  INTRODUCTION TO RESEARCH
Occupational safety continues to be a challenge for managers, supervisors, and 
workers in all areas of the workforce. According to data from the Bureau of Labor Statistics 
(2016), there were 5,190 fatal workplace accidents in the United States in 2016, with more 
than 2.9 million non-fatal workplace injuries (Bureau of Labor Statistics, 2016).
Many Occupational Safety and Health (OSH) initiatives are evaluated primarily with 
lagging metrics, such as fatality and injury rates, despite the growing research that these 
measures are less useful in driving continuous improvement efforts in safety (Hubbard, 2004;
Agnew, Flin, and Mearns, 2013). Leading indicators, on the other hand, offer promise as an 
improved gauge of OSH activity by providing early warning signs of potential failure, 
enabling organizations to identify and correct deficiencies before they trigger injuries and 
damage (Sinelnikov, Inouye, and Kerper, 2015).  Studies in 2010 and 2012 by Reiman and 
Pietikäinen, respectively, state that the most effective leading indicators are those that 
monitor the capacity of an organization to perform safely (e.g. testing of systems and 
equipment, employee hazard awareness) and drive the safety management system toward 
continual improvement (e.g. safety management leadership, contingency planning). 
Safety climate has been identified as an important predictor of a positive safety 
performance, with safety climate playing a mediating role in the relationship between safety 
leadership of the organization and the safety performance of the organization (Wu, Chen, and
Li, 2008).  Kath, Magley, and Marmet, (2010) also found that human aspects of safety 
climate, such as management attitudes and communication, also have an effect on 
organizational safety-related behaviors.  According to Wu, Chen, and Li, (2008), safety 
climate measures perceptions of the CEOs’ and managers’ safety commitment and action by 
2employees, which influence the safety organization and management, safety equipment and 
measures, and accident investigations.  Kath, Magley, and Marmet (2010) used work by 
Whitener et al., (1998) to theorize the following about management attitudes and safety:
1. Management attitudes toward safety include employees’ perception that their supervisors 
view safety as important; safety communication from the employees to the management 
reflects the comfort subordinates feel in bringing safety-related information to their superiors.
2. Managers who are accurate and adequate in their safety communications keep the lines of 
communication open, encouraging trust among their employees.
3. When managers emphasize the importance of safety to their workers, they are outwardly 
communicating their perceptions about the issue. In doing so, they are expressing their 
concern for the well-being of the employees.
Hence, if employees truly believe that their managers value safety and note their 
managers’ concern for them, increased organizational trust may result (Kath, Magley, and 
Marmet, 2010). In other words, trust is developed by working in an environment in which 
management deems safety to be important and communications surrounding safety are 
welcomed. Subsequently, the trust influences employees’ satisfaction with their jobs and 
desire to remain a member of the organization (Kath, Magley, and Marmet 2010).  Clarke 
(2006) demonstrated a positive correlation between safety climate and increased safety 
participation and compliance, but the finding was not universal across the industry segments 
Clarke examined in his meta-analysis. Michael et al., (2006) assert that the positive 
correlation between safety climate and safety participation/compliance were insufficient in 
explaining organizational outcomes.  Several previous studies have examined the effects of 
safety leadership on safety behavior (O’Dea and Flin, 2001; Neal, Griffin and Hart, 2000, 
3Neal and Griffin, 2006).  Bryden (2002) identified a number of critical behaviors for safety, 
namely: articulating an attainable vision of future safety performance; demonstrating 
personal commitment to safety symbolically; engaging everyone with relevant experience in 
decision-making; and being clear and transparent when dealing with safety issues.
Purpose of Research
Missing from previous research is the examination of safety climate perceptions, 
particularly in agricultural bulk commodity handling/storage facilities as well as in university
research laboratories, from a mixed-methods approach to the methodology.  The research 
proposed in this document is an attempt to partially bridge this knowledge gap in the existing
body of research through: 1)  quantitative analysis of safety climate survey data and 
employee self-assessments, 2)  development of questions for narrative inquiry to employees 
derived from the results of the quantitative analyses, and 3)  the examination of both 
quantitative and qualitative data in a mixed-methods proof of concept study utilizing 
informed constructivist Grounded Theory.
To answer the research questions related to perceptions of safety climate in an 
occupational workplace setting, data collected from prior studies utilizing a survey 
instrument (the Zohar Safety Climate Questionnaire (Zohar and Luria, 2005; Johnson, 2007))
will be statistically analyzed and those results compared to other previous published research 
studies to determine if the data collected in the agricultural and research laboratory fields 
agree with those data collected in other occupational fields like manufacturing, 
telecommunication, transportation, oil and gas exploration, etc.  The Zohar Safety Climate 
Questionnaire (ZSCQ) is a 40-item instrument developed by Zohar and Luria in 2005, using 
4preliminary work from Zohar's 1980 work in the area of safety climate and distributed across 
20 Israeli factories across a variety of industries in an attempt to measure those factors which 
affect “safety climate”, which Zohar defined as “a summary of molar perceptions that 
employees share about their work environment” (Zohar 1980, pg 96).  This study established 
what has become the common way to assess safety climate: a questionnaire whose items 
(questions) measure a set of factors or constructs that reveal shared perceptions of the 
organization’s safety climate. Zohar’s original set of factors were: 
1.  Importance of safety training 
2.  Effects of required work pace on safety 
3.  Status of safety committee 
4.  Status of safety officer 
5.  Effects of safe conduct on promotion 
6.  Level of risk at work place 
7.  Management attitudes toward safety 
8.  Effect of safe conduct on social status
These factors clustered into five core constructs of safety climate: management 
commitment to safety, supervisory safety support, coworker (safety) support, employee 
(safety) participation, and competence level.  
Specifically, previously collected data from an agricultural bulk commodity 
handling/storage facility and university research laboratories will be analyzed using accepted 
statistical methods to compare the results with other published research studies in this field in
an attempt to validate the research instrument used to collect the data. This research 
instrument has had success measuring safety climate perceptions in a variety of occupational 
sectors. For this reason, it is expected that similar results will be seen in the two occupational
5sectors examined in this research, thereby validating the research instrument as appropriate to
accurately measure safety climate across an ever-widening variety of industry sectors.  From 
this validation of research instrument by way of identifying latent factors that explain safety 
climate scores as well as identifying statistically significant self-assessment factors which 
also “explain” safety climate scores, a series of questions derived from the identified 
factors/variables will be developed for the collecting of personal narratives.  These 
narratives, once collected, coded, and analyzed, will serve as the qualitative portion of the 
mixed-methods portion of the research.  An informed, constructivist, Grounded Theory will 
be used/developed both as a methodology and as theory, which will combine all the data 
collected during this study.  At the conclusion of this study, the analysis of the qualitative 
portion of data will either: 1) confirm or agree with the quantitative data analysis 
(Explanatory Factor Analysis), 2) fail to confirm or countermand the quantitative data 
analysis (Explanatory Factor Analysis) or, 3) reveal an aspect of safety climate that was not 
identified in the quantitative instrument (see Appendix A, B).  Finally, the informed 
constructivist Grounded Theory will either: 1) Demonstrate to be an appropriate 
methodology to examine safety climate from a mixed-methods approach or, 2) Demonstrate 
to be an inappropriate methodology to examine safety climate from a mixed-methods 
approach.
At the conclusion of this research it is anticipated that the combination of both 
quantitative and qualitative data sources through use of an informed constructivist grounded 
theory will result in a more thorough understanding of worker perceptions of safety climate 
and how those perceptions effect how employees interact with safety in the workplace.
6Research Questions
The study will be guided by the following research questions:
1.  Is the existing safety climate research instrument (ZSCQ) an accurate measure of safety 
climate in the occupational industries of interest to this research?
1A. Are the previously identified constructs of the ZSCQ evident in a bulk 
commodity handling facility?
1B. Are the previously identified constructs of the ZSCQ evident in university 
research laboratories?
1C. What differences, if any, exist between the agricultural bulk commodity handling 
facility and university research laboratories?
2.  What role do demographic factors and qualitative aspects such as job satisfaction, and 
attitude about pay and promotions play in overall safety climate?
2A. Do demographic factors such as age, job tenure, and pay play a significant and 
positive role in safety climate (at the organizational and work group levels) in the two
work environments of this study’s focus?
2B. Does job satisfaction play a significant and positive role in safety climate at 
organizational and work group levels in the two work environments of this study’s 
focus?
2C. Does pay satisfaction play a significant and positive role in safety climate at 
organizational and work group levels in two work environments of this study’s focus?
73.  Are there gaps in data collection that could be addressed by the development and 
deployment of a qualitative framework like narrative inquiry?
3A. What constructs are not effectively measured by quantitative safety climate 
survey instruments?
3B. What constructs emerge from literature and interviews/narrative collection?
3C. Can an informed constructivist grounded theory identify and explain previously 
unidentified constructs of safety climate?
Measurement and Methodology
The data utilized in this research study were sourced from two previous research 
studies which utilized a research instrument based on the Zohar Safety Climate Questionnaire
(ZSCQ),  the Organization and Group Level Safety Climate instrument (Zohar and Luria, 
2005). The instrument consisted of 32 items for Mosher (2011) and 40 items for Simpson 
(2015) and surveyed employees on two levels: organizational (management) and group 
(supervisory). Items were scored on a 5-point scale (1 = Strongly agree; 2 = Agree; 3 = 
Neutral; 4 = Disagree; 5 = Strongly disagree).  Examples of items used include “top 
management react quickly to solve problems when told about safety hazards” and “my 
supervisor emphasizes safety procedures when we are working under pressure”.   Additional 
data was collected via Likert-scaled survey which gathered demographic information as well 
as data regarding personal ratings of job satisfaction and fairness of pay.  These studies were 
conducted at Agricultural Bulk Goods Handling facilities in Iowa (Mosher, 2011), and 
among research laboratories at Iowa State University (Simpson, 2015).  These previous 
studies were utilized because when initially undertaken, the principal investigators analyzed 
8the data through different methods than needed for this current research study, and therefore 
the data collected would be suitable for use as part of the quantitative analysis used in this 
research study.  Following the methodological approach of previous research studies using 
survey instruments based wholly or in part upon the ZSCQ, an Exploratory Factor Analysis 
(EFA) was used to analyze the data used in this study, after tests for sampling adequacy and 
parallel analysis had been performed.
For each of the two data sets used in this study, after the data was imported for 
analysis and the independent variables defined, the Bartlett’s Test of Sphericity was 
performed.  Bartlett’s Test for Correlation Adequacy (aka Bartlett’s Test of Sphericity) is a 
way to test the assumption that there are at least some correlations among the variables so 
that coherent factors can be identified.  It is desirable to have some degree of collinearity 
among the variables but not an extreme degree or singularity among the variables (Schreiber,
Nora, and Stage, 2006).  The test statistic from this test should be statistically significant at 
the p<0.05 value to be deemed acceptable (Williams, Onsman, and Brown, 2010).    The 
Bartlett’s test checks if the observed correlation matrix diverges significantly from the 
identity matrix (theoretical matrix under H0: the variables are orthogonal).  In order to 
measure the overall relation between the variables, the determinant of the correlation matrix 
is computed  |R|. Under H0, |R| = 1; if the variables are highly correlated, ||R|≈0.  The 
Bartlett's test statistic indicates to what extent we deviate from the reference situation |R| = 1, 
and uses the following formula:
Formula 1. Bartlett’s Test of Spherecity
χ2=−(n−1− 2p+56 ) x ln (|R|)
9Under H0, it follows a χ2 distribution with a [p x (p-1) / 2] degree of freedom.  Each of the 
prior studies which lent their data to this research study had a “low” ratio of survey items to 
respondents (< 20:1), yet was “acceptable” at ~6:1, therefore the Bartlett’s Test was 
performed to determine if Exploratory Factor Analysis could proceed.  For each of the two 
data sets used, the Bartlett’s Test statistic was significant at the (p<0.05) level, indicating the 
factor analysis could be undertaken.  
Additional testing of sampling adequacy was performed by way of the Kaiser-Meyer-
Olkin (KMO) Test for Sampling Adequacy.  Kaiser-Meyer-Olkin (KMO) is a measure of 
how well suited a data set is for Factor Analysis.  There is disagreement in the literature 
regarding what constitutes an acceptable sample size for factor analysis as well as an 
acceptable ratio of participant-to-variables.  Often termed the sample to variable ratio and 
often denoted as N:p, where N refers to the number of participants and p refers to the number
of variables, there are disparate recommendations regarding what an acceptable ratio is for 
factor analysis.  Rules of thumb range anywhere from 3:1, 6:1, 10:1, 15:1, or 20:1 (Hair et al,
1995; Tabachnick and Fidell, 2007; Williams, Onsman, and Brown, 2010).  The KMO test 
measures sampling adequacy for each variable in the model and for the complete model. The 
statistic is a measure of the proportion of variance among variables that might be common 
variance. The lower the proportion, the more suited the data are to Factor Analysis.   The 
KMO index ranges from 0 to 1, with 0.50 considered suitable for factor analysis (Williams, 
Onsman and Brown, 2010).  The KMO is given by the following formula:
10
Formula 2. Kaiser-Meyer-Olkin Test for Sampling Adequacy
∑∑
i ≠ j
r2 ji
(∑∑i ≠ j r
2 ji+∑∑
i≠ j
a2 ji)
 
Overall Mean Sampling Adequacy (MSA) for the KMO test for each data set were above 
0.90, which is indicative that the sample sizes for each data set were adequate for the fitting 
of a structure through exploratory factor analysis.
The next step in the analyses was determining the number of components or factors to
retain from factor analysis.  This was done through Parallel Analysis, Kaiser criteria, and 
Scree test.  The Parallel Analysis works by creating a random dataset with the same numbers 
of observations and variables as the original data. A correlation matrix is computed from the 
randomly generated dataset and then eigenvalues of the correlation matrix are computed.  
There is disagreement in the literature about what the most appropriate cut-off value should 
be in consideration of factors, so these analyses used both accepted values of 0.7 and 1.0 to 
determine the number of factors to use in fitting the factor analysis model (Hair et al, 1995; 
Tabachnick and Fidell, 2007; Williams, Onsman, and Brown, 2010).  For both criteria in the 
Mosher (2011) data, 2 principal factors were indicated.  For both criteria in the Simpson 
(2015) data, 4 principal factors were indicated.
Once the number of potential factors had been identified, models were fit to the data 
sets, and the output of the analysis was examined to determine which variables, if any, 
showed cross-loading.  Loadings refer to the correlation between an item/variable and a 
factor, those variables which show loadings on more than one factor are of concern and 
should be dealt with by either adjusting the cut-off point for loadings (0.3 as the standard cut-
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off and being a medium effect size with approximately 10% variance) to a higher loading 
value, or the elimination of the variable from future models.  The preliminary model for both 
data sets showed cross loading on variables (3 cross loading variables for the Mosher (2011) 
data, 14 cross loading variables for the Simpson (2015) data), and those variables were 
removed from further modeling scenarios.  Fit of a simple structure was achieved and factor 
analysis yielded a simple structure consisting of two factors for the Mosher (2011) data -  one
factor for management (organizational) and one for supervisors (group), and four factors for 
the Simpson (2015) data – three related to supervisors (group) and one factor for 
management (organizational). 
Further quantitative analysis was performed for each of the two data sets regarding 
the collected demographic info and self-assessment regarding items such as tenure with their 
particular supervisor, job satisfaction, fairness of pay, etc., collected via Likert-scaled survey.
The results of the analyses of both sets of data, both through the EFA and the 
ANOVA, were used to generate a series of questions to be used in the collection of narratives
from sample populations of both agricultural bulk goods handling/storage facilities and 
university research laboratories.  These narratives, which are collected through a computer-
based survey asking open-ended questions related to management commitment to safety, 
supervisor involvement in safety, job satisfaction, and fair pay.  These narratives, once 
collected, were examined and coded according to accepted qualitative research methodology,
once any common themes emerge from the data.  Briefly discussed in this chapter of the 
dissertation, further discussion of the development, deployment, and analysis of this 
qualitative data can be found in Chapter 4.  The qualitative data, when combined with the 
results of the quantitative analyses, and used in conjunction with the information gathered 
12
through a thorough literature review, serves to aid the researcher in formulating an updated 
definition of safety climate perceptions, using the methodology of Constructivist Grounded 
Theory, which is discussed in Chapter 5.
Preliminary Statistical Analysis
Part I – Data from Mosher (2011)
The 2011 study by Mosher had 187 respondents for the 32-item survey, which is a 
ratio of ~6:1 for respondents to questions.  In order to determine the suitability of this data 
for use, the Kaiser-Meyer-Olkin (KMO) Sampling Adequacy Test was performed, which 
revealed all items of the survey had Measures of Sampling Adequacy (MSA) in excess of 
0.90 with an overall MSA value of 0.96, indicating that the sample size was adequate to 
proceed to fitting a model through EFA.  Additionally, the Bartlett’s Test of Sampling 
Adequacy was performed to ascertain if the items in the survey were correlated adequately.  
Non-statistically significant values of the Bartlett’s Test (p>0.05) indicate that the survey 
items are not correlated sufficiently.  These tests and corresponding statistics are displayed in
Table 1.
Table 1. Sampling and Factor Adequacy for Mosher (2011) data
Test Value (test statistic) P-value
Bartlett’s Test of Sampling
Adequacy
4843.683 (Chi-square) 0.000*
Kaiser-Meyer-Olkin Factor
Adequacy
Overall MSA = 0.96** N/A
* acceptable values of Bartlett’s Test should be statistically significant at the p<0.05 level (Williams, Onsman, 
and Brown, 2010)
**KMO values between 0.8 and 1.0 indicate sampling is adequate (Williams, Onsman, and Brown, 2010)
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To determine the number of potential factors to run in the modeling, a combination of
Parallel Analysis, Kaiser’s criterion and Scree Plots were used.  All three of these are 
methods for determining the number of components or factors to retain from factor analysis 
and according to Thompson and Daniel (1996): “simultaneous use of multiple decision rules 
is appropriate and often desirable” (page 200).  The Parallel Analysis and Scree Plot for the 
Mosher (2011) data are shown in Figure 1, while the Kaiser criteria data is shown in Table 2.
Figure 1.  Parallel Analysis and Scree Plots for Mosher (2011) data
Table 2.  Numbers of Indicated Factors via Kaiser’s Criterion Values
Kaiser criterion value Number of indicated factors
1.0* 2
0.7** 2
*Factors below the Eigenvalue of 1 should be dropped (Kaiser, 1960)
**Jollifee (1972) suggests that 0.7 is a more appropriate cutoff value
Identifying 2 potential factors through the use of Parallel Analysis, Kaiser criteria and
Scree Plots, the initial model was run which included all the variables (items in the survey).  
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Initial results showed cross-loading on three variables which were eliminated.  A subsequent 
model eliminating these three cross-loading variables was fit.  This simple structure had fit 
indexes of 0.04 for the root mean square of the residuals (RMSR) and according to some 
researchers, RMSR should be less than 0.08 (Browne and Cudeck, 1993) - and ideally less 
than 0.05 (Stieger, 1990).; 0.061 for the root mean square error of approximation (RMSEA); 
and a value of 0.939 for the Tucker-Lewis Index (TLI).  Values over 0.90 for the TLI are 
considered acceptable (e.g., Hu and Bentler, 1999).  An additional fit index was calculated, 
the Comparative Fit Index (CFI).  Specifically, the CFI compares the fit of a target model to 
the fit of an independent model – a model in which the variables are assumed to be 
uncorrelated. In this context, fit refers to the difference between the observed and predicted 
covariance matrices, as represented by the chi-square index.  In short, the CFI represents the 
ratio between the discrepancy of this target model to the discrepancy of the independence 
model. Roughly, the CFI thus represents the extent to which the model of interest is better 
than is the independence model. Values that approach 1 indicate acceptable fit (Bentler, 
1990).  The CFI is given by the formula:
Formula 3.  Comparative Fit Index
1−
χ finalmodel
2 −dffinalmodel
χ nullmodel
2 −dfnullmodel
 
Achieving simple structure for the model, the final step was to perform a Reliability 
Analysis in order to determine the extent to which the variables related to a factor are a 
consistent measure of that factor, and Cronbach’s alpha is one way of measuring the strength 
of that consistency.  Cronbach’s alpha is computed by correlating the score for each scale 
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item with the total score for each observation (usually individual survey respondents or test 
takers), and then comparing that to the variance for all individual item scores:  In other 
words, the higher the Cronbach’s alpha coefficient, the more the items have shared 
covariance and likely measure the same underlying concept.  The Goodness of Fit, Residual 
Statistics, and Reliability Analysis for the Mosher (2011) data are summarized in table 3.
Table 3.  Fit Statistics, Residuals, Reliability Analysis for Mosher (2011) data
Index or Name Value Additional Info
Root Mean Square Residuals (RMSR) 0.04*
Root Mean Square Error of Approximation (RMSEA) 0.061** 90% C.I. [0.047, 0.065]
Tucker-Lewis Index of Factoring Reliability (TLI) 0.939***
Comparative Fit Index (CFI) 0.9481
Cronbach’s alpha (factor 1 – Supervisor Involvement) 0.962 95% C.I. [0.95, 0.97]
Cronbach’s alpha (factor 2 – Management Commitment) 0.953 95% C.I. [0.94, 0.96]
*RMSR should be less than 0.08 (Browne and Cudeck, 1993) - ideally less than 0.05 (Stieger,1990)
**A value of 0.06 or less is indicative of acceptable model fit (Hu and Bentler, 1999). 
***A cut-off value of 0.90 or greater indicates acceptable model fit (Hu and Bentler, 1999)
1 A cut-off value of 0.90 or greater indicates acceptable model fit (Hu and Bentler, 1999)
2 a ≥ 0.90 indicates excellent internal consistency
3 a ≥ 0.90 indicates excellent internal consistency
The factors identified from the factor analysis – Supervisor Involvement, 
Management Commitment, are used as the basis of developing questions to be used in the 
collection of personal narratives from a purposeful sample of workers, supervisors, and 
managers in the industry segments identified. 
Part II – Data from Simpson, 2015
The 2015 study by Simpson had 109 respondents for the 36-item survey, which is a ratio of 
~3.02:1 for respondents to questions.  In order to determine the suitability of this data for use,
the Kaiser-Meyer-Olkin (KMO) Sampling Adequacy Test was performed, which revealed an 
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overall MSA value of 0.83, indicating that the sample size was adequate to proceed to fitting 
a model through EFA.  Additionally, the Bartlett’s Test of Sampling Adequacy was 
performed to ascertain if the items in the survey were correlated adequately.  The Simpson 
(2015) data were statistically significant for this test.  The results of these tests are displayed 
in table 4. 
Table 4.  Sampling and Factor Adequacy for Simpson (2015) data
Test Value (test statistic) P-value
Bartlett’s Test of Sampling
Adequacy
2773.188 (Chi-square) 1.50775e-265*
Kaiser-Meyer-Olkin Factor
Adequacy
Overall MSA = 0.83** N/A
 * acceptable values of Bartlett’s Test should be statistically significant at the p<0.05 level
**KMO values between 0.8 and 1.0 indicate sampling is adequate
To determine the number of potential factors to run in the modeling, a combination of
Parallel Analysis, Kaiser criteria and Scree Plots were used.  Figure 2 shows this Parallel 
Analysis/Scree Plots while the Kaiser’s criterion info is displayed in table 5.
Figure 2.  Parallel Analysis and Scree Plots for Simpson (2015) data
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Table 5.  Numbers of Indicated Factors via Kaiser’s Criterion Values
Kaiser criterion value Number of indicated factors
1.0* 3
0.7** 4
*Factors below the Eigenvalue of 1 should be dropped (Kaiser, 1960)
**Jollifee (1972) suggests that 0.7 is a more appropriate cutoff value
Identifying 4 potential factors through the use of Parallel Analysis, Kaiser’s criterion 
and Scree Plots, the initial model was run which included all the variables (items in the 
survey).  Initial results showed cross-loading on multiple variables, which were eliminated 
and a subsequent model fitted.  This simple structure had fit indexes of 0.04 for the root 
mean square of the residuals (RMSR) and according to some researchers, RMSR should be 
less than 0.08 (Browne and Cudeck, 1993) - and ideally less than 0.05 (Stieger, 1990).; 0.069
for the root mean square error of approximation (RMSEA); and a value of 0.919 for the 
Tucker-Lewis Index (TLI).  Values over 0.90 for the TLI are considered acceptable (e.g., Hu 
and Bentler, 1999).  An additional fit index was calculated, the Comparative Fit Index (CFI), 
having a resultant value of 0.949.  Table 6 summarizes the fit statistics and values of the 
reliability analysis.
Table 6.  Fit Statistics, Residuals, Reliability Analysis for Simpson (2015) data
Index or Name Value Additional Info
Root Mean Square Residuals (RMSR) 0.04*
Root Mean Square Error of Approximation (RMSEA) 0.069** 90% C.I. [0.035, 0.077]
Tucker-Lewis Index of Factoring Reliability (TLI) 0.919***
Comparative Fit Index (CFI) 0.9491
Cronbach’s alpha (factor 1 – Sup. Comm. Reliability) 0.892 95% C.I. [0.86, 0.92]
Cronbach’s alpha (factor 2 – Positive Safety Actions) 0.903 95% C.I. [0.87, 0.93]
Cronbach’s alpha (factor 3 – Supervisor Dependability 0.614 95% C.I. [0.47, 0.76]
Cronbach’s alpha (factor 4 – Supervisor Consistency) 0.775 95% C.I. [0.69, 0.84]
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Table 6. (continued)
*RMSR should be less than 0.08 (Browne and Cudeck, 1993) - and ideally less than 0.05 (Stieger, 1990)
**A value of 0.06 or less is indicative of acceptable model fit (Hu and Bentler, 1999). 
***A cut-off value of 0.90 or greater indicates acceptable model fit (Hu and Bentler, 1999)
1 A cut-off value of 0.90 or greater indicates acceptable model fit (Hu and Bentler, 1999)
2 a ≥ 0.90 indicates excellent internal consistency
3 a ≥ 0.90 indicates excellent internal consistency
4 a ≥ 0.60 indicates questionable internal consistency
5 a ≥ 0.70 indicates acceptable internal consistency
It should be noted that while the Simpson (2015) data contains fit statistics values that
are less than desirable, the intent of how to use the results of the quantitative analysis was to 
merely identify potential factors to be used in the development of questions to be used in a 
future qualitative data collection.  The identified factors of Supervisor Communication 
Reliability, Positive Safety Actions, Supervisor Dependability, and Supervisor Consistency 
are used as the basis of developing questions to be used in the collection of personal 
narratives from a purposeful sample of workers, supervisors, and managers in the industry 
segments identified. 
Qualitative Data Analysis
The factors identified through the factor analyses of the Mosher (2011) and Simpson 
(2015) data sets, as well as the statistically significant variables from the demographic 
questions in the Mosher (2011) data served as the basis for developing questions to be used 
in a narrative collection questionnaire distributed to and answered by a purposeful sample of 
participants via online medium.  After an initial question asking for a participant’s definition 
of the term “safety climate”, used to frame all subsequent responses, each identified factor or 
variable had an associated question posed to the questionnaire participant.  The questions 
posed to the participants were:
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Question #1 to frame all responses:  How would you personally define the term “safety 
climate”?  
Factor 1 – Supervisor Involvement – Please describe in what way you feel your supervisor is 
involved in fostering a positive safety climate in your facility.
Factor 2 – Management Commitment – Please describe in what way you feel upper level or 
senior management in your facility is committed to fostering a positive safety climate.
Factor 3 – Supervisor Communication Reliability – Please describe how the reliability of a 
supervisor’s communication influences your perception of safety climate? i.e. a supervisor 
says the same thing from one time to the next or says the same things to different people or 
levels of the organization.
Factor 4 – Positive Safety Actions – Please describe in what way positive safety actions taken
by employees or supervisors have an effect on the overall safety climate of the organization. 
Factor 5 – Supervisor Dependability – Please describe in what way the dependability of a 
supervisor (either through things they say or things they do) influence the overall safety 
climate of the organization.
Factor 6 – Supervisor Personal Stability – Please describe in what way the stability of a 
supervisor’s personality (acts in a consistent and predictable manner, responds appropriately 
to situations) influence the overall safety climate of the organization.  
ANOVA variable 1 – Job Satisfaction – Do you believe that your personal level of job 
satisfaction has an impact on the safety climate of the facility you work in? 
ANOVA variable 2 – Fair Pay – Do you believe that your personal feeling regarding how 
fairly you are paid for your work has an impact on the safety climate of the facility you work 
in? 
An invitation to participate in this qualitative portion of the research study was 
extended to a list of fifteen individuals identified as supervisors in their particular industry 
segment or laboratory space, with a request that this invitation be further extended by the 
individual to the employees working under them and the upper level management personnel 
above them.  Twelve individuals in total completed the narrative collection portion of this 
research study.  It is not known how many people in total were contacted by the supervisors 
the researcher initially contacted, however of the twelve respondents to the online survey:   
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Of those twelves individuals, ten were able to provide an answer to the framing question of 
“how would you personally define the term safety climate”, and provided answers which 
indicated to the researcher that these respondents were able to conceptualize the term “safety 
climate” and could communicate that meaning in a manner which agreed or aligned with 
previous “definitions” of safety climate. Across the entirety of questions in the narrative 
collection – 12 respondents, 9 questions each = 108 questions, 93.5% of the questions were 
answered in such a manner as to indicate to the researcher that the respondent not only 
understood the question as was asked of them, but that they had some personal thoughts 
about how the factor/variable being investigated impacted either overall safety climate of the 
workplace or their own personal perception of safety climate.  The 6.5% of all questions 
which were not answered in the aforementioned manner were either not answered at all, or 
were answered with an “I don’t know” or “nothing”, and did not provide the researcher 
enough information to make any meaning from them.  Further and expanded discussion of 
this qualitative investigation can be found in chapter four.
Organization of Dissertation
This dissertation is written in the manuscript format as defined by Iowa
State University’s Graduate College. Chapter one is the general introduction which outlines
the basic ideas behind the research and summarizes the goals and objectives. Chapter two
serves as the literature review of research used as a basis for and justification of the
dissertation research. Chapters three, four, and five are three manuscripts formatted for
submission to specified journals. Chapter six is a general summary and interpretation of
findings, recommendations for further research, and conclusions. 
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CHAPTER 2.  LITERATURE REVIEW
This literature review addresses six broad topics.  The review is not intended to be 
exhaustive, but topics addressed provide the theoretical grounding for topics included in the 
research articles and the overall dissertation research. The topics reviewed include: (1) the 
definition and meaning of safety climate as it exists currently as well as discussion of its 
historical background since inception and its role in occupational safety, (2) instruments 
developed and deployed in industry to assess safety climate and discussion of their strengths 
and shortcomings, (3) a review of previous findings on the impact employee, managerial and 
supervisory roles have on personal and organizational relationships with safety climate (4) 
discussion of concepts such as organizational trust, safety leadership, and safety perception, 
(5) discussion of Grounded Theory, its value to this research, and its use as a framework for, 
and (6) qualitative research methods and studies conducted in the vein of this research field 
and the need for further qualitative studies to further define safety climate perception. 
Safety Climate
Safety Climate was first defined by Zohar through a research study which 
encompassed 20 Israeli factories across a variety of industries as “a summary of molar 
perceptions that employees share about their work environment” (Zohar 1980, pg 96).  
Safety climate has been identified as an important predictor of a positive safety performance, 
with safety climate playing a mediating role in the relationship between safety leadership of 
the organization and the safety performance of the organization (Wu, Chen, and Li, 2008).  
Kath, Magley, and Marmet, (2010) also found that human aspects of safety climate, such as 
management attitudes and communication, also have an effect on organizational safety-
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related behaviors.  According to Wu, Chen, and Li, (2008), safety climate measures 
perceptions of the CEOs’ and managers’ safety commitment and action by employees, which
influence the safety organization and management, safety equipment and measures, and 
accident investigations.
According to Zohar (2010), since the publication of the study (1980) that defined, 
measured and tested safety climate, little work has been done on theoretical or conceptual 
issues, focusing instead on issues related to direct measurement of safety climate, including 
factorial structures of measurement scales and their predictive ability of safety outcomes.  
Further, Zohar (2010), citing examples, states that “...a number of review papers identified 
more than 20 empirically tested safety climate scales for manufacturing industries alone 
(Flin et al., 2000), covering more than 50 different variables or conceptual themes 
(Guldenmund, 2000). This situation resembles the study of the more generic organizational 
climate in which 32 different definitions were identified (Verbeke et al., 1998). Such a 
situation implies conceptual ambiguity and the need for greater effort directed at theoretical 
issues” (pg 1517).
While the existing various definitions and measurement scales reveal some 
commonality which allows for identification of core concept themes and shared measurement
sub-scales of safety climate (Zohar, 2010), the actual quantification of safety climate is 
difficult, if not impossible (Guldenmund, 2000, cited in Shannon and Norman, 2009).  
Further, safety climate has been identified as a “check” on whether the behavior of the people
within a company, especially management and supervisors matches the rhetoric (Shannon 
and Norman, 2009; Mosher, Keren, Freeman, and Hurburgh, 2013).  Since safety climate 
refers to observable behaviors, it can be and often is measured or gauged through the use of 
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questionnaires completed by workers (Shannon and Norman, 2009).
Despite the variation in the measurement scales of safety climate, some commonality 
of core concepts exists which allow for identification and examination (Zohar, 2010).  
Additionally, recent meta-analytic studies (Nahrgang et al., 2008; Christian et al., 2009) 
revealed that safety climate offers the ability to predict both objective and subjective safety 
criteria across industries as well as countries.  Through 202 published studies encompassing 
236 independent samples (N=127,266), the ability of the ZSCQ or any of its derivatives has 
demonstrated its robustness in measuring safety climate (Zohar, 2010).  
Safety Climate as Measurement Tool in OHS
An indicator is a measurable representation of an aspect of reality (Øien, Utne, and 
Herrera, 2011).  Indicators are based on models of reality and the model predefines what the 
indicators can disclose (Reiman and Pietikäinen, 2012).  Indicators should offer grounds for 
changing and modifying work practices when the results show a downward trend or when 
target values are not reached (Kongsvik, Almklov, and Fenstad, 2010).  An indicator can be 
considered any measure – quantitative or qualitative – that seeks to produce information on 
an issue of interest and should be able to identify organizational practices and processes that 
lead or lag changes in the safety performance of the organization (Reiman and Pietikäinen, 
2012). Leading indicators have the primary function to measure occupational health and 
safety (OHS) process effectiveness (Hinze et al., 2013), systems performance (Hohn and 
Duden, 2009), and organizational performance (Reiman and Pietikäinen, 2010; Reiman and 
Pietikäinen, 2012). Leading indicators measure those events preceding events such as injuries
and fatalities, or other harm or failures at the system level (Sinelnikov, Inouye, and Kerper, 
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2015). Leading indicators are not necessarily the opposite of lagging indicators, but are one 
aspect of OHS events present and identified prior to the occurrence of an undesirable event 
(Harms-Ringdahl, 2009; Hale, 2009).  There is a general consensus in the research for the use
of leading indicators to measure OHS performance, however there is not a general consensus 
of the definition of what these leading indicators are (Sinelnikov, Inouye, and Kerper, 2015). 
To effectively assess potential effects of safety climate on injuries at work, it is essential to 
choose appropriate injury-related measures. Over the past decades, conventional 
dichotomization (i.e., high versus low injury rates or counts), objective indexes such as 
number of OSHA recordables, or lost-day injuries have been used (Hofmann and Stetzer, 
1996; Zohar, 2000).  The research on indicators started with the need to measure safety or 
risk. The main function of a measure of safety performance is to describe the safety level 
within an organization, establishment, or work unit (Øien, Utne, and Herrera, 2011).  
Safety climate is one multidimensional organizational construct believed to influence 
the safety behavior of workers at the individual, group, or organizational level. The term 
safety climate is conceptualized as employees’ shared perceptions regarding how safety 
practices, policies, and procedures are implemented and prioritized, compared to other 
priorities such as productivity (Smith et al., 2006).  Safety climate predicts employees’ 
motivation to work safely, which affects employees’ safety behaviors and subsequent 
experiences of workplace injuries or incidents (Griffin and Neal, 2000; Mueller et al., 1999; 
Zohar and Luria, 2003).
When elevated to the level of a core value, organizations must commit considerable 
resources to measuring the performance of their Occupational Health and Safety (OHS) 
programs (Sinelnikov, Inouye, and Kerper, 2015).  Despite a growing acceptance that failure-
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focused (lagging indicators) are less useful in helping to drive continuous improvement in an 
organization’s OHS program (Hubbard, 2004; Agnew, Flin, and Mearns, 2013), the majority 
of OHS initiatives are still evaluated relying primarily on lagging metrics such as fatality and
injury rates (Sinelnikov, Inouye, and Kerper, 2015).  Safety indicators play a key role in 
providing information on organizational performance, motivating people to work on safety 
and increasing organizational potential for safety (Reiman and Pietikäinen, 2012). The 
pragmatic value of any measurement scale, according to Johnson (2007) rests with its ability 
to predict performance. In the case of safety climate, this means measures of climate become 
significant to the extent they can predict safety-related outcomes such as safe behavior, 
accidents, and lost workdays (Johnson, 2007).
Safety management is reliant upon systematic anticipation, monitoring and 
development of organizational performance (Reiman and Pietikäinen, 2012).  Managers are 
not only interested in safety climate's effect on safe behavior, but are also interested in how 
safety climate influences bottom-line performance indicators like injuries, accidents, and lost 
work days. (Johnson, 2007).  Various safety indicators play a key role in providing 
information on current organizational safety performance, the most common used are lagging
indicators – measuring out-comes of activities or events that have already happened.  A 
recent increased emphasis has been placed on leading indicators – which provide information
for use in anticipating and developing organizational performance .(Reiman and Pietikäinen, 
2012).    Leading indicators identify the holes in the risk control system during routine 
checks, whereas the lagging indicators reveal the holes in the barriers as a result of an 
incident (Øien, Utne, and Herrera, 2011).  
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 Leading indicators would therefore measure those events preceding events such as 
injuries and fatalities, or other harm or failures at the system level (Sinelnikov, Inouye, and 
Kerper, 2015).  Additionally, leading indicators have the primary function to measure OHS 
process effectiveness (Hinze et al., 2013), systems performance (Hohn and Duden, 2009), 
and organizational performance (Reiman and Pietikäinen, 2010; Reiman and Pietikäinen, 
2012).  There is general consensus that the old process of looking at hardware and simple 
human error has changed to looking at the role of organizational performance (Reiman and 
Pietikäinen, 2012).
When safety climate is conceived as a leading indicator, a prospective design is 
utilized and safety climate data are correlated with accidents/injuries that occur in the future. 
When safety climate is conceived as a lagging indicator, retrospective designs are used in 
which safety climate data are correlated with prior accidents/injuries (Payne et al., 2009).  
Two research designs have primarily been used to study the relationship between safety 
climate and safety outcomes – prospective and retrospective.  In prospective designs, safety 
outcomes are measured for a period of time after safety climate is measured. In this design, 
safety climate is a leading indicator of safety outcomes. In retrospective designs, safety-
related events are recorded for a period of time before safety climate is measured. In this 
design, safety climate is a lagging indicator of safety outcomes (Payne et al., 2009).   In the 
safety climate tradition, indicators or factors have been produced, which have some 
prospective correlation with safety performance. Still, the observed correlations tend to be 
moderate or weak, and many studies show no such correlations at all (Kongsvik, Almklov, 
and Fenstad, 2010).  Prospective designs have received less attention in the literature, and 
this is where future research is especially needed. Although safety climate researchers 
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commonly posit that safety climate affects the future occurrence of accidents/injuries, 
relatively few studies have examined this relationship prospectively (Payne et al., 2009).  In 
relation to finding proactive indicators, some studies have established a climate/ safety 
performance relationship, which would imply that climate measures could be useful for 
preventing accidents. In other words, such measures can communicate that something is 
wrong, although from an anthropological perspective, they provide limited grounds for 
analysis (Kongsvik, Almklov, and Fenstad, 2010).  A product of researcher attention into this
field has been the creation of several quantitative questionnaires. Researchers documented 
psychometric properties (reliability, construct validity, content validity) for these 
instruments, but significant deficiencies remained with respect to the establishment of an 
association between safety climate and safety-related outcomes (Cooper and Phillips, 2004).
The initial research on developing indicators or metrics for major hazards started with
a focus on direct or ‘lagging’ indicators, i.e., after-the-event type of indicators (Øien, Utne, 
and Herrera, 2011). This approach counts the number of accidents or incidents or near 
misses, however, these indicators are not very useful as pre-warnings or early warnings – for 
which one needs to look further back in the causal chain, at the underlying causes and the 
condition of the factors that leads to accidents (Øien, Utne, and Herrera, 2011).  When safety 
climate is a lagging indicator of safety outcomes, prior measures of safety outcomes are 
related to more recent measures of safety climate.  In other words, safety outcomes are 
conceptualized as the antecedent or cause and safety climate is conceptualized as the 
consequence or the effect (Payne et al., 2009).  Lagging indicators are related to reactive 
monitoring and show when a desired safety outcome has failed, or when it has not been 
achieved. Examples of lagging indicators are the number of unexpected loss-of-containment 
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incidents and failures of safety critical instrumentation/alarms (Øien, Utne, and Herrera, 
2011).
Traditional safety climate research is dominated by a psychometric tradition which 
implies a quantitative methodology and the need for exploratory and confirmatory factor 
analyses to reveal underlying structure of the concept (Kongsvik, Almklov, and Fenstad, 
2010).  In considering safety climate as a cultural analysis, Haukelid (2008) states, “In 
cultural analyses, the general aim is usually to achieve a deeper understanding of a social 
phenomenon that is difficult to explain from single cause– effect relationship, or to be 
measured or tested under exact conditions” (pg 424).  This statement would seem to 
illustrate that safety climate cannot be easily measured in a factorization of a social, 
anthropological phenomena (Kongsvik, Almklov, and Fenstad, 2010).  The current view 
regarding safety has developed toward a more systems-focused conception where safety is 
now more than the negation of risk (Reiman and Pietikäinen, 2012).  Organizational 
accidents have complex origins and capturing this complexity through leading/lagging 
indicators – which are, by nature, simplifications of data and do not account for the complex 
and intertwined influences on occupational risk – is a challenge (Kongsvik, Almklov, and 
Fenstad, 2010).  Currently, few research studies have been conducted to attempt to establish 
a link between an organization’s operations and its processes, and the common tool used to 
assess – questionnaires – have been criticized on methodological grounds (Strauch, 2015).  
Guldenmund (2000) warns that safety climate analyses themselves are not sufficient to 
instigate fruitful occupational safety interventions, and states that more detailed studies of 
each organization's ‘‘basic assumptions” might be necessary for such action.  Although the 
validity and reliability of the ZSCQ has been well established, Zohar (2010) states “...the 
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time has come to re-focus our attention on theoretical and conceptual issues...” (pg 1517), 
where the identification, research, and examination of these conceptual issues could reduce 
ambiguity and lead to the emergence of a better developed safety climate theory (Zohar, 
2010).
In a research study conducted by Sinelnikov, Inouye, and Kerper (2015), participants 
put forth that current taxonomies of leading and lagging indicators should not be too granular
or static.  It was further stated that an in-place taxonomy should allow for data analysts being 
afforded the ability to organize the data, the OHS professional being afforded the ability to 
communicate the information up and down the organizational hierarchy, and management 
and senior executives should be able to understand the information and be afforded the 
ability to act upon it (Sinelnikov, Inouye, and Kerper, 2015). 
Safety performance indicators are needed in order to be able to monitor the current 
level of safety, to follow the effects of proactive safety work as well as to anticipate 
emerging vulnerabilities within the system as well as in its environment (Reiman and 
Pietikäinen, 2012).  Researchers should, according to Payne et al., (2009), make an effort to 
examine both retrospective and prospective accident/injury data when studying safety 
climate.  Further, Payne et al., (2009) state that both the prospective and retrospective 
relationship of safety climate to safety performance are important, and that safety climate can
be regarded as both a leading and lagging indicator of safety-related events (Payne et al., 
2009).  Another approach to establishing organizational safety indicators is the risk analyses 
tradition, which is grounded in engineering science. Risk analyses have mainly focused on 
technical issues, but much effort has also been invested in including organizational and 
managerial factors in risk assessments (Kongsvik, Almklov, and Fenstad, 2010).
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Safety Climate and Organizational Relationships
Numerous research studies have investigated to what degree organizational 
relationship factors aid in explaining overall safety climate strength; these studies have 
investigated factors such as organizational tenure (Beus et al., 2010), safety leadership 
(Conchie, Moon, and Duncan, 2013; Du and Sun, 2012; Eid et al., 2012; Kapp, 2012; 
Künzle, Kolbe, and Grote, 2010; Liou, Yen, and Tzeng, 2008; Lu and Yang, 2010), work 
autonomy (Clarke, 2006; Piccolo and Colquitt, 2010), worker self-efficacy (Parker, Wall, and
Cordery, 2001; Walumbwa, Cropanzano, and Goldman, 2011), organizational social support 
(Conchie, Moon, and Duncan, 2013; Huang, You, and Tsai, 2012), safety action reciprocity 
(DeJoy et al., 2010), safety management (DeJoy, 2010; Hale et al., 1997; Hale et al., 2010; 
Hsu, Li, and Chen, 2010; Hurst et al., 1996; Hurst, 1997; Luria and Morag, 2012; Mosher et 
al., 2013), affective evaluations (DeJoy, 2005; Guldenmund, 2007), organizational trust 
(Kath, Magley, and Marmet., 2010; Luria, 2010), and risk management (Fernández-Muñiz, 
Montes-Peón, and Vázquez-Ordás, 2007, 2009, 2014). Safety climate is a measure that is 
constructed and reconstructed on a continual basis, not only through direct interactions with 
the technical environment, but also through perceptions of concern and affective evaluations 
throughout the organization (DeJoy, 2005; Guldenmund, 2007).  Safety management should 
be about managing the socio-technical system, not about managing and optimizing certain 
indicators (Reiman and Pietikäinen, 2012).
Organizational Tenure
In a 2010 study (Beus et al., 2010), the relationship between the organizational tenure
of employees at a given worksite and safety climate strength (i.e., the variability of 
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employees’ perceptions of the policies, procedures, and practices regarding workplace safety)
was examined. The results of this study revealed a positive correlation between average 
worksite tenure and safety climate strength – higher average tenure was associated with 
stronger safety climates. Furthermore, the study results revealed that the positive correlation 
was curve-linear, meaning that at higher levels of worksite tenure, smaller increases in the 
group’s average tenure improved climate strength to a greater extent than at lower levels of 
worksite tenure (Beus et al., 2010).  Beus (2010) postulated that the relationship between 
organizational tenure and the development of climate strength had important managerial 
implications (Beus et al., 2010).
 Safety Leadership
A growing body of research supports the importance of supervisors’ safety leadership
in promoting employees’ engagement in safety (Conchie, Moon, and Duncan, 2013).  
Despite the research interest in safety leadership, less attention has been given to the factors 
that influence supervisors’ engagement in safety leadership (Conchie, Moon, and Duncan, 
2013). Briefly defined, ‘engagement’ is the extent to which supervisors show energy, 
enthusiasm, feel a sense of inspiration, and are fully concentrated (Schaufeli and Bakker, 
2004).
Data gathered in focus groups in the UK construction industry from sixty-nine 
supervisors showed that production demands, role overload, workforce characteristics, and 
formal procedures hindered supervisors’ engagement in safety leadership. These factors are 
contrasted against social support from the organization and co-workers and perceived 
autonomy, both of which promoted supervisors’ engagement in safety leadership. (Conchie, 
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Moon, and Duncan, 2013).  It is unclear however when speaking of occupational safety in a 
larger context, specifically which demands supervisors perceive as challenges which increase
their engagement in safety leadership, and which demands those supervisors consider to be a 
hindrance (Conchie, Moon, and Duncan, 2013).  
Colangelo and Bowers (2012) identified and discussed 5 primary factors of effective 
safety leadership which are 1) Field Presence – showing the project team and workforce that 
you care, but you are setting the standard for the entire project team, and establishing the 
importance of demonstrating safety leadership; 2) Effective Communication -  the ability to 
effectively communicate to the project team, your sub-contractors, and the workforce is 
paramount to achieving safety excellence; 3) Feedback Mechanism – developing a direct 
avenue of communication between the workforce and management; 4) Accountability – it is 
paramount that all discipline is fair, just and consistent across all job classifications, everyone
must be held accountable for their actions… starting with Management; and 5) 
Benchmarking – Establishing a continuous improvement road map will help ensure your 
safety programs and systems are keeping pace with your project management systems 
(Colangelo and Bowers, 2012).
Problematic for safety leadership is workload demands.  Through depleting 
supervisors' energy, availability, and time, they consequently deplete safety-related 
interactions with employees (Conchie, Moon, and Duncan, 2013).  By providing supervisors 
with support, these demands are reduced, as are others such as coordinating multiple 
contractor groups, time schedules and access to resources – which has the effect of enhancing
feelings of self-efficacy to engage in leadership behaviors that expand beyond formal 
requirements (Conchie, Moon, and Duncan, 2013).
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A 2008 study conducted by (Wu, Chen, and Li), which was conducted among 465 
participants and analyzed using path analysis, found that safety climate partially mediated the
relationship between safety leadership and safety performance.  Additionally, existing 
correlation analysis showed that safety controlling, one factor of safety leadership, had main 
influence on CEOs and managers’ safety commitment and action in safety climate, and on 
safety organization and management, safety equipment and measures, and accident 
investigations in safety performance (Wu, Chen, and Li, 2008).  Previous studies have found 
that aspects of safety climate, such as management attitudes and communication, have an 
effect on organizational safety-related behaviors (Kath, Magley, and Marmet,  2010).
  A meta-analysis by Clarke (2006) showed that high levels of safety climate led to 
increased safety participation and compliance. However, other researchers (Michael et al., 
2006) argue that these aspects of safety are not sufficient in explaining organizational 
outcomes, and call for further research to find mediators or moderators to better explain this 
relationship.  Cooper and Phillips (2004) found support for their hypothesis that differences 
in employee perceptions will vary among the different departments of a manufacturing 
industry (Kath, Magley, and Marmet, 2010).  Specifically, the importance of safety varies 
across jobs that people perform. For example, it seems reasonable that safety would have 
increased importance for someone working in a steel mill than for someone working in a 
clerical role in an office setting. Previous research has hinted at this relationship, but has not 
examined it in detail. For instance, a recent study was conducted that found employees’ 
perceptions of safety climate varied due to job title (Wu, Liu, and Lu, 2007).  
Postulating the need for further avenues of research which allow for the examination 
of more theoretical constructs of safety climate, Zohar (2010), puts forth three major points:
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1.  Postulating that the targets of perceptions of safety climate relate to system-level 
attributes such as prioritizing competing demands, espousal-enactment gaps or 
discrepancies, internal consistencies among policies and procedures (pg 1521).
2.  Postulating that the targets of perceptions of safety climate relate to organization 
or group-levels of analysis – such as senior management commitments and policies 
vs. supervisory or co-worker practices (pg 1521).
3.  Examination of the level-specific perceptions of safety climate of employees (non-
managerial nor supervisory), and development of level-specific scales of the safety 
climate questionnaire to reduce ambiguity (pg 1521).
Work Autonomy
Previous research has shown that ethical leaders encourage their subordinates to work
autonomously on their job tasks (Piccolo et al., 2010) and through their actions increase 
employees’ sense of self-efficacy (Walumbwa et al., 2011). Higher levels of job autonomy 
(Clarke, 2008) and self-efficacy (Parker, Wall, and Cordery, 2001) in turn, have been shown 
to promote safety behavior in the workplace (Chughtai, Byrne, and Flood, 2015).  
Employees, often aware and attuned to the underlying values of the organization, will adopt 
them as internalized normative beliefs to guide their behavior and achieve the organization's 
desired end-states (Rokeach, 1979).  The values of the organization that emphasize the 
importance of human resources to the success of the organization should lead to supportive 
policies and practices related to workplace safety and health (DeJoy et al., 2010).  Other 
safety research has demonstrated positive relationships between various supportive 
management practices and safety-related perceptions and behaviors (DeJoy et al., 2010).
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Organizational Social Support
Evidence suggests that safety climate perceptions involve a process of social 
exchange (DeJoy et al., 2010).  Various theories (Hofmann and Morgeson, 1999; Mearns and
Reader, 2008) have been used to explain the social exchange relationship between 
organizations and employees, but theories involving perceived organizational support have 
been most common (DeJoy et al., 2010).  Perceived organizational support has long been 
recognized as an important factor in research on organizational commitment, but only more 
recently has it gained visibility in the safety climate literature (DeJoy et al., 2010).  
Demonstration of management's commitment to safety and health through policies and 
actions that show employees that they are valued and supported by the organization leads to 
employees that perform better not just in the realm of safety, but also in terms of overall 
work performance and organizational citizenship (e.g., Mathieu and Zajac, 1990; Meyer et 
al., 2002).
Perceived organizational support signals the employer's commitment to their 
employees and influences employee attitudes and behaviors (Cole et al., 2002; Eisenberger 
et al., 2001). Employee support is then reciprocated when their efforts are calibrated to 
achieve organizational goals, including those related to safety (DeJoy et al., 2010).  Further 
research (Coyle-Shapiro and Kessler, 2000) indicates that employee perceptions of 
management meeting its obligations leads to both increased employee commitment, as well 
as trust in the organization (Robinson, 1996).  Alternatively, from the worker's perspective 
the provision of safe working conditions is an obligation of the employer, and the perception 
that this obligation is not being met is viewed as a breach of contract (DeJoy et al., 2010).  
The reviewed literature (e.g., Mathieu and Zajac, 1990; Meyers et al., 2002) suggests that 
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organizational commitment is negatively correlated to employee withdrawal behavior, 
including absenteeism, withdrawal cognitions, turnover, and turnover intentions, and 
positively correlated to job performance and organizational citizenship behavior (DeJoy et 
al., 2010).   Actions taken to enhance safety climate in a facility can result in more 
committed and loyal employees.  Such citizenship, where the employees go above and 
beyond established job responsibilities, are perhaps of importance in achieving and 
maintaining high levels of organizational safety performance in complex and/or demanding 
safety environments. (DeJoy et al., 2010).  It should be stated that a facility having 
committed employees is good for workplace safety, but employee commitment is better 
considered a starting point rather than an ending point in the quest to minimize injury and 
other losses (DeJoy et al., 2010).
 A 2010 study by DeJoy et al. Found that an organization's occupational safety and 
health policies and programs (OSHPandP) impacted both safety climate and organizational 
commitment, and as was hypothesized in the study, perceived organizational support (POS) 
partially mediated both of these effects.  Additionally, safety climate was related to perceived
safety at work and self- reported work accidents, while organizational commitment was 
related to withdrawal behaviors (turnover intention; absenteeism, and tardiness) and 
employee vitality. (DeJoy et al., 2010).
Safety Action Reciprocity
The general trend in the research literature that investigates exchange relationships 
within work organizations focuses on the concept of reciprocity – this means that an 
individual who provides a service for another does so with the expectation that there will be 
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some future positive return for them based on this action (DeJoy et al., 2010). When this 
reasoning is extended to workplace safety, when managers and supervisors demonstrate their 
commitment to and support of safety, employees should reciprocate by expending greater 
efforts to follow safe work practices and other safety-related recommendations (DeJoy et al., 
2010).  Eisenberger et al. (1986) argue that employees’ beliefs about an organization's 
concern for and commitment to them are associated with reciprocal employee commitment or
attachment to the organization.  Stated alternatively, the employees in a facility will self-
evaluate their treatment by the organization and respond accordingly (DeJoy et al., 2010).
Rhoades and Eisenberger (2002), when conducting a meta-analysis of seventy 
research studies, concluded that employees’ general beliefs that their organization values 
their contributions and is concerned about their well-being are associated with increased job 
performance, less withdrawal from active participation in workplace safety, and high levels 
of affective commitment to the organization (DeJoy et al., 2013).   The Rhoades and 
Eisenberger meta-analysis (2002) identified three antecedents of perceived occupational 
support: fairness, supervisor support, and organizational rewards and working conditions.  
Each antecedent is representative of some type of favorable treatment or valuation from the 
organization (Rhoades and Eisenberger, 2002).  Logically, these positive or favorable 
treatments should enhance perceived occupational support among employees (DeJoy et al., 
2010).  Despite workplace safety typically being a mandated responsibility for managerial 
staff, management does have a considerable amount of latitude in determining how their 
responsibility is structured and executed (DeJoy et al., 2010).  Further, evidence from 
perceived occupational support literature (e.g., Armeli et al., 1998) is suggestive that the 
perceived occupational support of an organization is strengthened when that organization's 
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employees believe that the positive experiences they experience at work are a direct result of 
voluntary, purposeful actions undertaken by management (DeJoy et al., 2010).
Safety climate perceptions are in part a reflection of employee feelings and emotions 
about the support they receive from their organization and how management fulfills its social
obligations related to workplace safety (Guldenmund, 2007).  It is an oversimplification to 
state that safety climate is merely feelings and emotions (DeJoy et al., 2010).  As stated in 
Rochlin (1996), organizations with high-performance safety programs, especially those in 
high-hazard industries, demonstrate a positive engagement with occupational safety that 
exceeds the basic, conventional safety technologies and methods of control, and instead 
demonstrates a proactive process of anticipating and planning for untoward events and 
circumstances (DeJoy et al., 2010).
Shared Perceptions of Safety Climate
In the study conducted by Bryden (2002), he identified a number of critical behaviors 
for safety, namely: engaging everyone with relevant experience in strategic safety decision-
making behaviors; articulating an attainable vision of future safety performance; 
demonstrating personal commitment to safety symbolically; and being clear and transparent 
when dealing with safety issues.  O’Dea and Flinn (2001) examined the relationship between 
the perceptions of safety behaviors and the actual behaviors exhibited by employees in their 
study and whether the tendency for employees to respond in a positive correlation to their 
expressed perceptions.  
These aspects of perceptions of safety climate, safety tendency behavior related to 
safety perceptions, and strategic safety decision making are ones which will be addressed 
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through the course of this proposed research. Furthermore, most researchers used 
measurement instruments which attempted to assess the nature of empowerment and 
individual employee’s cognitive feelings in relation to his/her contributions to the 
organization (Boudrias et al., 2009).  Such conditions were comprised of employees’ traits, 
abilities, personal company/cultural involvement, and other dominant cultural values, 
(Spreitzer, 1996; Forrester, 2000; Yukl and Becker, 2006).
Safety Climate Measurements and Relationships
Management attitudes toward safety include employees’ perception that their 
supervisors view safety as important; upward safety communication refers to the comfort that
subordinates feel in bringing safety-related information to their supervisors. Because safety 
climate has been conceptualized as shared perceptions, it naturally indicates a need to be 
aggregated to a group level (Zohar, 2000; Zohar and Luria, 2005).  When managers alert 
subordinates to the importance of safety, they are outwardly communicating their perceptions
about the issue. In doing so, they are expressing their concern for the well-being of the 
employees. (Kath, Magley, and Marmet 2010).  For example, Whitener et al., (1998) theorize
that managers who are accurate in their communication, provide adequate explanations, and 
keep the lines of communication open encourage trust among their employees.
Safety Climate and Qualitative Research Methods
Safety climate research has been dominated by a psychometric tradition implying a 
quantitative methodology and the need to use factor analyses to reveal the underlying 
structure of the concept (Kongsvik, Almklov, and Fenstad, 2010).  Haukelid (2008) claims 
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“In cultural analyses, the general aim is usually to achieve a deeper understanding of a social 
phenomenon that is difficult to explain from single cause– effect relationship, or to be 
measured or tested under exact conditions” (pg 424).  This discrepancy between the 
phenomenology of safety climate and its currently utilized research methodology is 
paradoxical (Kongsvik, Almklov, and Fenstad, 2010).  Guldenmund (2000) states safety 
climate analyses are insufficient to instigate fruitful interventions and claims that more 
detailed studies of organizational ‘‘basic assumptions” are necessary.
Organizational safety needs a continuous focus on both leading and lagging 
indicators; a focus on both lagging indicators of past deficiencies and leading indicators of 
current technical, organizational, and human conditions (Reiman and Pietikäinen, 2012).  In 
relation to discovering proactive or leading indicators, it should be noted that some studies 
have established a relationship between safety climate and safety performance – implying 
that safety climate measures could be useful in preventing accidents.  
Qualitative Research and Grounded Theory
A basic issue exists where it is questioned to what degree organizational safety can be
reduced to a set of quantitative factors as is used in existing safety climate and risk analysis 
traditions, and whether organizational safety should be approached in a more holistic manner 
(Kongsvik, Almklov, and Fenstad 2010).  When the objects of safety are concrete, physical 
objects, it makes good sense to treat them as variable quantities that can be measured and 
broken down into components or factors.  However, when this view is transferred to 
organizational safety, where social processes and interactions are fundamental to their 
function, it is useful to regard these different aspects (e.g. management, competence, 
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communication) more holistically, and thereby are better suited to be examined using 
qualitative approaches (Kongsvik, Almklov, and Fenstad, 2010).  Qualitative research 
includes a variety of methodological approaches with different disciplinary origins and tools 
(Lingard, Albert, and Levinson, 2008). 
 Increasingly, qualitative researchers are combining methods, processes, and 
principles from two or more methodologies over the course of a research study (Lal, Suto, 
and Ungar, 2012).  Researchers who combine methods might do so at some or all stages of 
the research process, including data collection, data analysis, and representation of findings 
(Lal, Suto, and Unger, 2012).  An argument against the use of qualitative methods is that they
are time consuming and resource intensive, which when thought of in a cost/benefit 
construct, may not always be suitable for all organizational safety challenges.  However, 
many of the existing safety indicator approaches may not provide sufficient and necessary 
information (Kongsvik, Almklov, and Fenstad, 2010).  Qualitative methods have potential to 
provide reflection and organizational learning, thereby expanding understanding and 
allowing for the identification of new hazards and new ways of expressing them (Kongsvik, 
Almklov, and Fenstad, 2010).  Mixed methods research, which combines elements from both
qualitative and quantitative paradigms to produce converging findings in the context of 
complex research questions must be explicit and justified in terms of the sequence of 
methods (concurrent, qualitative first, or quantitative first). The priority among methods 
(equal, or either method prioritized), and the nature and timing of integration (full or partial, 
during data collection, analysis, or interpretation) must also be considered (Lingard, Albert, 
and Levinson, 2008).  Because qualitative and quantitative methods derive from different 
traditions, mixed methods research must take care to negotiate back and forth between these 
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different approaches rather than dichotomizing their values and methods. Qualitative 
research emphasizes an inductive-subjective-contextual approach and quantitative research 
emphasizes a deductive-objective-generalizing approach, but these broad tendencies are 
neither absolute nor mutually exclusive (Lingard, Albert, and Levinson, 2008).  Among the 
most recognized qualitative methodologies are: phenomenology, ethnography, grounded 
theory, and narrative inquiry.  Examples of methods developed within these traditions 
include: bracketing, participant observation, constant comparative analysis, and narrative 
interviewing, respectively (Lal, Suto, and Unger, 2012).  Grounded Theory, which was 
developed in 1967 by Glaser and Strauss, is used to generate theories regarding social 
phenomena and to develop higher level understanding grounded in, or derived from, 
systematic analyses of data.  Grounded theory is an appropriate research tool when the study 
of social interactions aims to explain a process, not to test or verify an existing theory 
(Lingard, Albert, and Levinson, 2008).  Grounded Theory is an inductive research 
methodology consisting of three prevailing traditions: Classic, Straussian, and Constructivist 
Grounded Theory (Kenny and Fourie, 2015).  To better understand psychological and social 
processes in relation to safety at work it is therefore important to investigate how safety 
climate relates to more generic psychosocial conditions in the organization (Tholén, Pousette,
and Törner, 2013).  Key features of grounded theory are its iterative study design, theoretical 
(purposive) sampling, and system of analysis.  An iterative study design entails cycles of 
simultaneous data collection and analysis, where analysis informs the next cycle of data 
collection (Lingard, Albert, and Levinson, 2008). A social constructionist approach to 
grounded theory allows researchers to address ‘why’ questions while preserving the 
complexity of social life. Grounded theory not only is a method for understanding research 
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participants’ social constructions but also is a method that researchers construct throughout 
inquiry (Lingard, Albert, and Levinson, 2008). How, when, and to what extent grounded 
theorists invoke social constructionist premises depends on their epistemological stance and 
approach to research practice (Kenny and Fourie, 2015).
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CHAPTER 3.  USE OF EXPLORATORY FACTOR ANALYSIS TO IDENTIFY
FACTORS INFLUENCING SAFETY CLIMATE IN TWO WORK ENVIRONMENTS
A manuscript to be submitted to Safety Science
Jon L.P. Judge, Steven A. Simpson, and Gretchen A. Mosher
 Department of Agricultural and Biosystems Engineering
Abstract
Numerous studies have utilized the Zohar Safety Climate Questionnaire and 
instruments derived from it to quantify safety climate in an industrial workplace and 
demonstrate a correlation between safety climate and safety performance.  Two industrial 
sectors that have historically been under-represented in previous studies were agricultural 
bulk goods handling/storage and university research laboratories.  This study utilized existing
data sets from these two occupational sectors for analysis through Exploratory Factor 
Analysis and Analysis of Variance, in order to determine which latent factors, if any, 
influenced safety climate perceptions of the populations.  Results from these two data sets 
indicate that six latent factors are present to explain safety climate: Supervisor Involvement, 
Management Commitment, Supervisor Communication Reliability, Positive Safety Actions, 
Supervisor Dependability, and Supervisor Consistency.  While factors were identified, little 
is yet known regarding the magnitude of their influence on perceptions of safety climate in 
the workplace.  
KEYWORDS:  Safety Climate, Agricultural Safety, Laboratory Safety, Safety Analysis
45
Introduction
Safety climate measurement has been explored by researchers for more than 50 years.
The first discussion of climate as it relates to the safety field was reported by Keenan, Kerr, 
and Sherman (1951), who correlated the physical work environment and the overall 
psychological climate of the employees.  Safety climate as used in this research was first 
formally defined by Zohar (1980) through a research study which encompassed 20 Israeli 
factories across a variety of industries as “a summary of molar perceptions that employees 
share about their work environment” (pg 96).  The term safety climate has been 
conceptualized as employees’ shared perceptions of how safety practices, policies, and 
procedures are implemented and prioritized, compared to other priorities such as productivity
(Smith et al., 2005). Safety climate can further be conceptualized as a view of the state of 
safety in the organization at a discrete point in time, which may change over time (Cheyne et
al., 1998; Cooper and Phillips, 2004; Neal and Griffin, 2000; Guldenmund, 2000; Zohar, 
1980, 2000, 2002a, 2002b, 2003).  Safety climate is a multidimensional construct believed to 
influence the safety behavior of workers at the individual, group, or organizational level 
(Smith et al., 2006), yet is only one factor contributing to safe behavior and influencing 
accident and injury rates. (Beus et al., 2010).
The primary theoretical model underlying leading relationships of safety climate on 
safety outcomes is one in which safety climate affects employee behavior which in turn 
affects accidents and injuries (Payne et al., 2009).  Safety climate has been identified as an 
important predictor of a positive safety performance, with safety climate playing a mediating 
role in the relationship between safety leadership of the organization and the safety 
performance of the organization (Ajslev et al., 2017; Barbaranelli, Petitta, and Probst, 2015; 
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Feng et al., 2014; Milijic et al., 2013; Payne et al., 2009; Smith et al., 2006; Wu, Chen, and 
Li, 2008).  Safety climate has demonstrated positive associations with safety compliance and 
participation (Clarke, 2006; Nahrgang, Morgeson, and Hofmann, 2008) and negative 
associations with workplace accidents and injuries (Stetzer and Hofmann, 1996; Probst, 
2004).  Kath, Magley, and Marmet (2010) also found that human aspects of safety climate, 
such as management attitudes and communication, also have an effect on organizational 
safety-related behaviors.
One way safety climate has been assessed is by using the Zohar Safety Climate 
Questionnaire (ZSCQ), or a derivative work thereof.  Zohar’s 1980 study established what 
has become a common way to assess safety climate: a questionnaire whose items (questions) 
measure a set of factors or constructs that reveal shared perceptions of the organization’s 
safety climate. Zohar’s original set of factors were: 
1.  Importance of safety training 
2.  Effects of required work pace on safety 
3.  Status of safety committee 
4.  Status of safety officer 
5.  Effects of safe conduct on promotion 
6.  Level of risk at work place 
7.  Management attitudes toward safety 
8.  Effect of safe conduct on social status
These factors clustered into five core constructs of safety climate: management 
commitment to safety, supervisory safety support, coworker (safety) support, employee 
(safety) participation, and competence level.    Over the next 30 years and numerous research
47
studies in a variety of industries (see Nahrgang, Morgeson, and Hofmann, 2008; Christian et 
al., 2009 for meta-analyses), the original instrument had been modified numerous times 
depending on the focus and research questions of the implementing researcher.  The 
questionnaire used in this paper was a derivative of the Zohar Safety Climate Questionnaire 
as developed by Zohar and Luria (2005), which comprised a 40-item survey and attempted to
assess safety climate at both organizational-level and work group-level.  A common method 
used to analyze the results of these safety climate surveys has been Exploratory Factor 
Analysis (EFA), which allows researchers to investigate concepts that are not easily 
measured directly by collapsing a large number of variables into a few interpretable 
underlying factors (Thompson, 2004).  Following analytical methodology of previous 
studies, data for this study were analyzed using EFA, as well as additional associated tests to 
demonstrate analytical rigor.
While often measured as an individual perception, there is evidence to suggest that 
climate is widely shared in organizations.  Ostroff, Kinicki, and Tamkins (2003) proposed 
that organizational climate is a shared perception of organizational policies and norms. 
People strive to “attach meaning to or make sense of clusters of psychologically related 
events” (Schneider and Reichers, 1983; p. 21). Climate measures provide information 
regarding the behaviors that are rewarded, supported, and expected in the workplace 
(O’Reilly and Chatman, 1996; Schneider and Reichers, 1983).  Workers are commonly 
exposed to the same organizational stimuli such as policies, processes, and procedures.  In 
the workplace, people experience numerous events that can pertain to a variety of groupings, 
and thus there are “climates for” various aspects of organizational life (Schneider and 
Reichers, 1983; Schneider, Salvaggio, and Subirats, 2002).  Similarly, organizations recruit 
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and retain similar people who respond to the organization’s environment (Adamshick, 2007).
Organizational climates have two important properties: level and strength.  Climate 
level refers to the quality of a climate as positive or negative.  Climate level corresponds to 
the mean of the individual group members’ perceptions for whatever group is deemed 
relevant (e.g., workgroup, worksite, business division, organization, industry), and describes 
the average perception of safety climate by group members as “positive” or “negative”.  
Climate strength refers to the variability of employees’ perceptions of the policies, 
procedures, and practices regarding workplace safety (Beus, Bergman, and Payne, 2010).  
Climate level has been linked to safety-related outcomes such as safety compliance 
(Goldenhar, Williams, and Swanson, 2003; Griffin and Neal, 2006), workplace injuries 
(Probst, 2004; Zohar and Luria, 2004), near misses (Goldenhar, Williams, and Swanson, 
2003; Probst, 2004), and automobile accidents (Morrow and Crum, 2004).  Climate level 
does not provide sufficient information to allow for reliable predictive ability by itself, 
however, and does not adequately describe the extent to which a climate can influence 
organizational outcomes (Schneider, Salvaggio, and Subirats, 2002).  The emphasis in this 
research is on safety climate level rather than strength.
Numerous studies have examined the relationship and correlation between positive 
safety climates and low incidence rates of injuries and incidents (Ajslev et al., 2017; 
Barbaranelli, Petitta, and Probst, 2015; Christian et al., 2009; DeJoy et al, 2004; Feng et al., 
2014; Gillen et al., 2002; Glendon and Litherland, 2001; Hale, 2009; Hofmann and Stetzer, 
1998; Johnson, 2007; Milijic et al., 2013; Nahrgang, Morgeson, and Hofmann, 2008; Payne 
et al, 2009; Reiman and Pietikainen, 2010, 2012; Saari, 1990, 2001; Salminen et al., 1993; 
Smith et al., 2006; Zohar, 1980, 2000, 2002a, b).  Summarized, these studies found that 
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facilities and organizations that had positive safety climates had lower rates of 
incidents/accidents, lower worker’s compensation payments, and increased participation by 
employees in the facility safety program. 
While a higher level of safety climate is likely to lead to positive safety behaviors and
a lower level of safety climates is likely to lead to negative safety behaviors, variability in 
employees’ behavior is likely within a given safety climate. Not all employees in a positive 
(or negative) safety climate will exhibit positive (or negative) safety behaviors.  One source 
of this variability is in individual perceptions of safety climate, and how this variability in 
individual perception affects the “sharedness” of a climate (Dickson, Resick, and Hanges, 
2006; Schneider, Salvaggio, and Subirats, 2002).  Schneider, Salvaggio, and Subirats (2002) 
postulated that strong safety climate, regardless of climate level, is expected to be more 
predictive of group behavior than a weak climate.  The behavior of a group with more similar
individual perceptions (greater safety climate consensus) should be predicted with more ease 
than the behavior of a group with less similar individual perceptions (lesser safety climate 
consensus) and found that greater consensus was related to behavioral similarity among 
group members (Beus et al., 2010).
Payne et al. (2009) found that employees are likely to consider their own safety 
history as well as the overall safety history of the organization when evaluating safety 
climate.  In organizations where incidents and injuries are infrequent, employees in the 
organization are likely to perceive that those employees directly involved in the event were 
the primary contributors to the cause of the event.  If more incidents occur over time, 
employees begin to perceive that some single, underlying cause of these events exists, and 
being the common denominator, the organization will be perceived as the primary 
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contributing factor of the incidents (Payne et al., 2009).
Safety climate has been researched in the manufacturing sector (Christian et al., 2006;
Clarke, 2006; Zohar, 1980), the construction sector (Choudrhy et al., 2009; Dedobbeleer and 
Béland, 1991; Fang, Chen, and Wong, 2006; Glendon and Litherland, 2001; Gillen et al., 
2002;  Mohamed, 2002), as well as various other occupational sectors (Cox and Cheyne, 
2000; Mearns, Whitaker, and Flin, 2003; Varonen and Mattila, 2000; Vinodkumar and Bhasi,
2009).  Threats to the occupational safety and health in general industries include physical, 
chemical, biological (including infectious), ergonomic, and social hazards. These hazards 
exist also in both agricultural occupational sectors as well as university and college 
laboratories, and the risks in these laboratories are not necessarily lower than those in general
industries.  
Although occupational sectors share similar hazard types, their unique operations 
present unique hazards, and while strong safety climates are associated with lower workplace
injury rates, they rarely control for differences in industry hazards (Smith et al., 2006).  The 
peculiarities of safety climate in specific industries, and a method to measure it and use the 
results of analysis in meaningful ways is one of the goals of this research, and aligns with 
Zohar’s (2010) reflection on 30 years of safety climate research where he noted that when a 
larger number of industry-specific safety climate scales are made available which offer a 
variety of concrete climate indicators, it would be possible to extrapolate underlying sense-
making processes through which shared climate perceptions emerge (Zohar, 2010).  
Additionally, the identification of concrete climate indicators in each specific industry should
offer opportunities for developing and testing hypotheses regarding processes underlying 
climate emergence (Zohar, 2010).
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Perceptions of safety climate were measured at two levels based on previous research 
methodology (Zohar 2000, 2008; meta-analyses by Nahrgang, Morgeson, and Hofmann, 
2008; Christian et al., 2009; Mosher (2011), Mosher et al. (2013), and Simpson (2015)).  
These previous research studies suggest that although employees may informally 
communicate with their supervisor daily, communication with management is typically 
limited to more formal and less frequent exchanges, and as a result, perceptions of 
management and supervisors by employees may be quite different. Additionally, Zohar 
(2008) believes that while the management team may create and promote the organization’s 
policies and procedures, it is the supervisors that actually implement and interpret these 
policies. In this research, employee perceptions of management were classified as 
organizational level, while employee perceptions of supervisor were described as group 
level.
Materials and Methods
This research seeks to better understand the factors influencing employee perceptions 
of safety at two levels of administration – organizational (management) and group 
(supervisory) in under-represented industry sectors of agricultural bulk-goods 
handling/storage and university research laboratories.  
The following research questions drove this research:
A. Are previously identified constructs evident in an agricultural facility?
B. Are previously identified constructs evident in university laboratories?
C. What differences, if any, exist between the agricultural bulk commodity handling 
facility and University research laboratories?
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Measures and Methodology
Two existing data sets were used for this study.  Data from an agricultural bulk goods
processing/handling facility consisted of responses from 187 participants on a 32-item 
survey, each item Likert-scaled from 1 to 5, with 1 indicating “Strongly Agree” and 5 
indicating “Strongly Disagree”.  Data from university research laboratories consisted of 109 
responses on a 36-item survey.  These two data sets were utilized to validate the research 
instrument as compared to similar instruments which have been used in other industry sectors
and shown to be an appropriate research instrument to measure safety climate.  While each 
survey instrument asked questions specific to the work environment measured (Mosher, 
2011; Simpson, 2015), both instruments trace their lineage back to the 40-item survey 
developed by Zohar and Luria (2005).  Questions were modified slightly to account for 
differences in titles and work groups.  Following previous studies’ analytical methodology, 
each of these safety climate surveys’ data was analyzed using Exploratory Factor Analysis in 
conjunction with additional tests to check fit statistics of the model.  
Calculations and Variables
Following the analytical methodology used in previous studies examining safety 
climate through use of a survey instrument, each study’s data was analyzed using 
Exploratory Factor Analysis to determine which, if any, latent factors were present.  Given 
the small scale of each of these individual studies, each data set was examined to determine if
the study had sampling adequacy to allow for the fitting of a structure through factor 
analysis.  This was accomplished using Bartlett’s Test for Correlation Adequacy as well as 
the Kaiser-Meyer-Olkin Factor Adequacy Test.
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Bartlett’s Test for Correlation Adequacy (aka Bartlett’s Test of Sphericity) is a way to
test the assumption that there are at least some correlations among the variables so that 
coherent factors can be identified.   It is desirable to have some degree of collinearity among 
the variables but not an extreme degree or singularity among the variables (Schreiber, Nora, 
and Stage, 2006).  The test statistic from this test should be statistically significant at the 
p<0.05 value to be deemed acceptable (Williams, Onsman, and Brown, 2010).  
Kaiser-Meyer-Olkin (KMO) is a measure of how well suited a data set is for Factor 
Analysis. The test measures sampling adequacy for each variable in the model and for the 
complete model. The statistic is a measure of the proportion of variance among variables that
might be common variance. The lower the proportion, the more suited the data is to Factor 
Analysis.  The KMO index ranges from 0 to 1, with 0.50 considered suitable for factor 
analysis (Williams, Onsman and Brown, 2010).  There is disagreement in the literature 
regarding what constitutes an acceptable sample size for factor analysis as well as an 
acceptable ratio of participant-to-variables.  Often termed the sample to variable ratio and 
often denoted as N:p, where N refers to the number of participants and p refers to the number
of variables, there are disparate recommendations regarding what an acceptable ratio is for 
factor analysis.  Rules of thumb range anywhere from 3:1, 6:1, 10:1, 15:1, or 20:1 (Hair et al,
1995; Tabachnick and Fidell, 2007; Williams, Onsman, and Brown, 2010).
Each study’s data was found to be adequate according to the Bartlett’s Test and KMO
test.  After an initial fitting of the models, the outputs were examined to look for cross-
loading variables, which were eliminated from further iterations of model fitting until cross-
loading was eliminated.  The final steps in the analysis for each of the data sets was the 
examination of each model’s fit statistics (Tucker-Lewis Index and Comparative Fit Index) 
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as well as a Reliability Analysis using Cronbach’s Alpha to determine internal consistency or
how closely related a set of items (survey questions in this example) are as a group.
Comparative Fit Index (CFI) compares the fit of a target model to the fit of an 
independent model – a model in which the variables are assumed to be uncorrelated. In this 
context, fit refers to the difference between the observed and predicted covariance matrices, 
as represented by the chi-square index.  Values that approach 1 indicate acceptable fit (Hu 
and Bentler, 1999).  The CFI is represented by the formula:
Equation 1: Comparative Fit Index
 1− χ finalmodel
2 −dffinalmodel
χ nullmodel
2 −dfnullmodel
  
The Tucker-Lewis Index (TLI), also known as the Non-Normed Fit Index (NNFI), is 
a goodness-of-fit index that analyzes the discrepancy between the chi-squared value of the 
hypothesized model and the chi-squared value of the null model. Values for the NNFI should
range between 0 and 1, with a cutoff of 0.95 or greater indicating a good model fit (Hu and 
Bentler, 1999).
Results
Exploratory Factor Analysis, Agricultural Bulk Commodity Storage/Handling
With an N=187 on a 32-item survey, the first step of analysis was to determine the 
suitability of the data to be analyzed using exploratory factor analysis.  Initial testing of this 
data set was performed by way of Bartlett’s Test of Correlation Adequacy and the Kaiser-
Meyer-Olkin Sampling Adequacy Test.  Results of these tests are in Table 1.
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Table 1. Adequacy Testing
Test Value (test statistic) P-value
Bartlett’s Test of Sampling
Adequacy
4843.683 (Chi-square) 0.000*
Kaiser-Meyer-Olkin Factor
Adequacy
Overall MSA = 0.96** N/A
* acceptable values of Bartlett’s Test should be statistically significant at the p<0.05 level (Williams, Onsman, 
and Brown, 2010)
**KMO values between 0.8 and 1.0 indicate sampling is adequate (Williams, Onsman, and Brown, 2010)
Determination of number of potential factors was performed through a combination 
of Parallel Analysis, Kaiser’s criterion, and Scree Plots.  All three of these are methods for 
determining the number of components or factors to retain from factor analysis and 
according to Thompson and Daniel (1996): “simultaneous use of multiple decision rules is 
appropriate and often desirable” (page 200).  The Parallel Analysis and Scree Plot for the 
Mosher (2011) data are shown in Figure 1, while the Kaiser’s criterion data is shown in 
Table 2.  
Figure 1. Parallel Analysis Scree Plots
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Table 2.  Numbers of Indicated Factors via Kaiser’s Criterion Values
Kaiser criterion value Number of indicated factors
1.0* 2
0.7** 2
*Factors below the Eigenvalue of 1 should be dropped (Kaiser, 1960)
**Jollifee (1972) suggests that 0.7 is a more appropriate cutoff value
The Parallel Analysis/Scree Plot as well as Kaiser’s criterion at both the 0.7 and 1.0 
Eigenvalue indicate two principal factors, and primary fitting of the model was performed 
with two factors.  Initial fit of the two-factor model showed cross-loading on three variables 
which were eliminated, and after their exclusion, the remaining 29 items loaded cleanly on 
the two factors, which were identified and named Supervisor Involvement and Management 
Commitment.  Table 3 summarizes fit statistics used and results from the reliability analysis:
Table 3. Fit Statistics and Reliability Analysis
Index or Name Value Additional Info
Root Mean Square Residuals (RMSR) 0.04*
Root Mean Square Error of Approximation (RMSEA) 0.061** 90% C.I. [0.047, 0.065]
Tucker-Lewis Index of Factoring Reliability (TLI) 0.939***
Comparative Fit Index (CFI) 0.9481
Cronbach’s alpha (factor 1 – Supervisor Involvement) 0.962 95% C.I. [0.95, 0.97]
Cronbach’s alpha (factor 2 – Management Commitment) 0.953 95% C.I. [0.94, 0.96]
*RMSR should be less than 0.08 (Browne and Cudeck, 1993) - ideally less than 0.05 (Stieger, 1990)
**A value of 0.06 or less is indicative of acceptable model fit (Hu and Bentler, 1999). 
***A cut-off value of 0.90 or greater indicates acceptable model fit (Hu and Bentler, 1999)
1 A cut-off value of 0.90 or greater indicates acceptable model fit (Hu and Bentler, 1999)
2 a ≥ 0.90 indicates excellent internal consistency
3 a ≥ 0.90 indicates excellent internal consistency
Exploratory Factor Analysis, University Research Laboratories
With an N=109 on a 36-item survey, the first step of analysis was to determine the 
suitability of the data to be analyzed using exploratory factor analysis.  Initial testing of this 
data set was performed by way of Bartlett’s Test of Correlation Adequacy and the Kaiser-
Meyer-Olkin Sampling Adequacy Test.  Results of the tests are shown in Table 4.
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Table 4. Adequacy Testing
Test Value (test statistic) P-value
Bartlett’s Test of Sampling
Adequacy
2773.188 (Chi-square) 1.50775e-265*
Kaiser-Meyer-Olkin Factor
Adequacy
Overall MSA = 0.83** N/A
* acceptable values of Bartlett’s Test should be statistically significant at the p<0.05 level (Williams, Onsman, 
and Brown, 2010)
**KMO values between 0.8 and 1.0 indicate sampling is adequate (Williams, Onsman, and Brown, 2010)
Determination of number of potential factors was performed using the same 
methodology as the agricultural data, through a combination of Parallel Analysis, Kaiser’s 
criterion, and Scree Plots.  Figure 2 represents the Scree Plot of this data set with Parallel 
Analysis shown as well, while Table 5 shows the Kaiser’s criterion data.
Figure 2. Parallel Analysis Scree Plots
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Table 5.  Numbers of Indicated Factors via Kaiser’s Criterion Values
Kaiser criterion value Number of indicated factors
1.0* 3
0.7** 4
*Factors below the Eigenvalue of 1 should be dropped (Kaiser, 1960)
**Jollifee (1972) suggests that 0.7 is a more appropriate cutoff value
The information from the Parallel Analysis and Scree Plot indicate four principal 
factors while the Kaiser’s criterion indicates that at the Eigenvalue of 1.0 only 3 principal 
factors are present versus four principal factors for the Eigenvalue of 0.7.  Initial fit of the 
model for this data was performed with both three and four factors.  The three-factor model 
had substantial cross-loading on the variables and after eliminating them from future 
iterations of model fitting, the resulting simple structure had very poor fit statistics.  The 
four-factor model had much less cross-loading of variables compared to the three-factor 
model and the fit statistics were much better.  Initial fit of the four-factor model showed 
cross-loading on fourteen variables which were eliminated, and after their exclusion, the 
remaining 22 items loaded cleanly on the four factors, which were identified and named 
Supervisor Communication Reliability, Positive Safety Actions, Supervisor Dependability, 
Supervisor Consistency.  Initially, the substantial cross-loading among multiple factors was 
concerning and it was thought perhaps a simpler model might be appropriate, but models 
attempted with fewer than four factors would not converge, so the four factors indicated 
through the Parallel Analysis and Scree Plot were retained, and the cross-loading variables 
were eliminated.  Table 6 summarizes the fit statistics used for this data set as well as the 
results from the reliability analysis.
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Table 6. Fit Statistics and Reliability Analysis
Index or Name Value Additional Info
Root Mean Square Residuals (RMSR) 0.04*
Root Mean Square Error of Approximation (RMSEA) 0.069** 90% C.I. [0.035, 0.077]
Tucker-Lewis Index of Factoring Reliability (TLI) 0.919***
Comparative Fit Index (CFI) 0.9491
Cronbach’s alpha (factor 1 – Sup. Comm. Reliability) 0.892 95% C.I. [0.86, 0.92]
Cronbach’s alpha (factor 2 – Positive Safety Actions) 0.903 95% C.I. [0.87, 0.93]
Cronbach’s alpha (factor 3 – Supervisor Dependability) 0.614 95% C.I. [0.47, 0.76]
Cronbach’s alpha (factor 4 – Supervisor Consistency) 0.775 95% C.I. [0.69, 0.84]
*RMSR should be less than 0.08 (Browne and Cudeck, 1993) - ideally less than 0.05 (Stieger, 1990)
**A value of 0.06 or less is indicative of acceptable model fit (Hu and Bentler, 1999). 
***A cut-off value of 0.90 or greater indicates acceptable model fit (Hu and Bentler, 1999)
1 A cut-off value of 0.90 or greater indicates acceptable model fit (Hu and Bentler, 1999)
2 a ≥ 0.90 indicates excellent internal consistency
3 a ≥ 0.90 indicates excellent internal consistency
4 a ≥ 0.60 indicates questionable internal consistency
5 a ≥ 0.70 indicates acceptable internal consistency
Through the statistical analyses performed, a number of potential factors were 
identified.  These factors are presented here in the format of → Factor Name: Source: 
Researcher’s definition of factor based on which ZSCQ questions corresponded (loaded) on a
particular factor.
Supervisor Involvement – agricultural bulk commodity storage/handling – To what 
extent/to what degree does the relationship between an employee and his/her supervisor and 
that supervisor’s active role in workplace safety affect perception of safety climate?
Management Commitment – agricultural bulk commodity storage/handling – To what 
extent/to what degree does the perception by employees of management’s commitment to 
improving safety in the workplace affect perception of safety climate?
Supervisor Communication Reliability – university research laboratories – To what 
extent/to what degree does the perception that a supervisor communicates in an open, honest,
and consistent manner to his/her employees affect perceptions of safety climate?
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Positive Safety Actions – university research laboratories – To what degree/to what extent 
do things like being provided power to correct safety concerns, addressing safety concerns in 
a timely manner and following up on corrective actions, and emphasizing safety regardless of
production/research deadlines affect perception of safety climate?
Supervisor Dependability – university research laboratories – To what degree/to what 
extent do actions of a supervisor such as following through on commitments and sharing 
relevant information with his/her subordinates affect perception of safety climate?
Supervisor Consistency – university research laboratories – To what degree/to what extent 
do perceptions of the consistency of emotions or actions of a supervisor by his/her employees
affect perception of safety climate?
The identified factors correspond to the survey questions in a similar way as previous 
research.  With regards to the factors identified in the agricultural bulk commodity 
storage/handling data from the Mosher (2011) data, the factors revealed in this study 
correspond to the two-level assessment of safety climate perceptions in the Zohar and Luria 
(2005) study.  This indicates that the assessment tool used in the Mosher (2011, Mosher et 
al, 2013) study is a valid instrument for the assessment of safety climate perceptions in the 
agricultural bulk commodity storage/handling occupational sector.  Also indicated is that 
both organizational-level (top management’s commitment to safety or the priority of safety 
over competing operational goals such as production speed and costs) and group-level 
(interaction modes between supervisors and group members by which supervisors can 
indicate the priority of safety versus competing goals such as production speed or schedules) 
influence overall safety climate perceptions in this industry.  With regard to research question
A – Are the previously identified constructs of the ZSCQ evident in a bulk commodity 
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handling facility? - with both organizational-level and group-level constructs revealed during
the factor analysis of the agricultural bulk commodity storage/handling facility data, the 
research question can be answered in the affirmative.
The factors identified in the university research laboratories from the Simpson (2015) 
study also correspond to the two-level assessment of safety climate perceptions in the Zohar 
and Luria (2005) study.  Indicating that the assessment tool used in the Simpson (2015) study
is a valid instrument for the assessment of safety climate perceptions in university research 
laboratories,  also indicated is that both organizational-level and group-level influence overall
safety climate perceptions in this industry.  Further, the identified factors from university 
research laboratories appear to have parallels with the constructs identified in the Zohar 
(1980) study as well.  Regarding research question B – Are the previously identified 
constructs of the ZSCQ evident in university research laboratories? - with both 
organizational-level and group-level constructs revealed during the factor analysis of the 
university research laboratory data, the research question can be answered in the affirmative.
Research question C – What differences, if any, exist between the agricultural bulk 
commodity handling facility and university research laboratories? - can be answered in two 
dimensions.  Firstly, for both industry segments investigated in this research, the previously 
identified constructs related to both organizational-level and group-level are also identified in
both the agricultural bulk commodity sector and university research laboratories.  Secondly, 
the university research laboratory data revealed three distinct factors under the 
organizational-level construct – Supervisor Communication Reliability, Supervisor 
Dependability, and Supervisor Consistency, which indicates that for workers and supervisors 
in university research laboratories, the attitude of, actions of, and communication of 
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management-level persons influences safety climate perceptions of those who work under 
them in the laboratory/ies
Potential implications from this study provide information on factors influencing 
safety climate that are specific to two work environments, but also raises additional questions
related to safety outcomes in the workplace:
Factor 1 – Supervisor Involvement – do supervisory personnel in the facility play an 
active role in the safety and health programs, and does the relationship a supervisor has 
with his/her subordinates foster active participation in safety programs? Is the 
supervisor’s role a positive or negative influence on safety outcomes in the organization 
or work group? 
Factor 2 – Management Commitment – do senior management personnel in the facility 
demonstrate through words and/or deeds their commitment to improving safety and 
health in the workplace and do workers recognize and acknowledge this commitment? 
What influence do these actions have on worker perceptions and does the management 
play a positive or negative role in organizational safety outcomes?
Factor 3 – Supervisor Communication Reliability – do supervisory personnel in the 
workplace communicate in a forthcoming, honest, open, and consistent manner to all 
personnel, and especially to workers in regard to safety in the workplace? If so, how 
much of an influence do these positive actions have on safety perceptions of employees?
Factor 4 – Positive Safety Actions – are supervisory and management personnel in the 
facility acting/behaving in ways which foster positive safety climate?  For example, are 
supervisory and management personnel providing subordinates the power to correct 
safety concerns when identified?  Are safety concerns addressed in a timely manner?  Is 
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follow-up on corrective actions done and on a consistent basis?  Is safety emphasized 
regardless of production schedules or deadlines? What role do positive actions by 
supervisors and management play in worker safety perceptions and attitudes?
Factor 5 – Supervisor Dependability – Are supervisory personnel in the facility following
through on commitments they have made, and are supervisors sharing relevant 
information with his/her subordinates? What positive impacts does supervisor 
dependability have on worker safety perceptions? What might be the potential damage 
from negative supervisory dependability?
Factor 6 – Supervisor Consistency – Are supervisory personnel in the facility consistent 
in their emotional states or are they volatile?  Are their actions consistent?  Do 
supervisors attempt to treat subordinates equally, or is there favoritism?  If not, how does 
this influence worker safety perceptions and attitudes?
For firms that seriously attempt to address the questions posed in these points may help to 
identify gaps where the safety practitioner can focus improvement efforts or intervention in 
his or her facility.  The factors identified during the course of this analysis have also been 
identified in previous research studies.  This result is not unexpected given the number of 
investigations performed in the variety of industries over the last 40 years. Yet, this research 
study has uncovered factors that potentially influence safety climate perceptions in two 
under-researched industries. Further, the magnitude of the potential influence is still 
unknown.  
The results of the statistical analyses performed on the two data sets used in this study
provide evidence to support that the existing safety climate research instrument is a suitable 
and valid measure of safety climate in the agricultural bulk commodity storage/handling 
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industry as well as with university research laboratories.  Both data sets were found to be 
adequate for the fitting of a model, and a model was able to be fit to the data.  While the 
factors identified through the factor analysis of the university research laboratory data 
produced fit statistics that are below what would normally be desirable, the low number of 
respondents to the survey instrument undoubtedly played a role in these results.  Reliability 
analysis for each data set produced values which ranged from questionable to excellent, with 
most values in the excellent value range.  However, the values of the fit statistics do not give 
information regarding the strength of a factor’s influence on safety climate perceptions.  
Conclusions
Safety climate research has traditionally been dominated by a quantitative 
methodology and the need to use factor analyses to reveal the underlying structure of the 
concept. (Kongsvik, Almklov, and Fenstad, 2010).  Haukelid (2008) claims that, ‘‘In cultural
analyses, the general aim is usually to achieve a deeper understanding of a social 
phenomenon that is difficult to explain from single cause– effect relationship, or to be 
measured or tested under exact conditions” (pg 424).  The words imply that safety climate is 
a cultural phenomenon, and also that the factorization of safety culture/climate is opposed to 
the holistic approach of anthropology (Kongsvik, Almklov, and Fenstad, 2010).  Previous 
research studies of safety climate have identified potential factors that affect safety climate 
perceptions, and the research study outlined in this paper continues this tradition.  Smith et 
al. (2006) theorized that factors such as workers’ perception of the hazards and risks in the 
workplace are likely an important factor influencing the perception of safety climate, and 
those perceptions of safety climate are likely related to perceptions of the company’s safety 
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record, both within the industry and to those outside the industry.  Based on the analysis of 
data sets described in this paper, factors which potentially affect perception of safety climate 
have been identified and warrant further investigation.  
Further, by utilizing data from industry segments which have historically received 
little research in the literature, the goal was to determine if the factors identified from these 
industry segments correspond to previously identified factors in other industries, or if there 
are new factors.  The factors identified appear to correspond to factors uncovered in other 
industry segments which have had more frequent study such as manufacturing (Christian et 
al., 2006; Clarke, 2006; Zohar, 1980), construction (Choudrhy et al., 2009; Dedobbeleer and 
Béland, 1991; Fang, Chen, and Wong, 2006; Glendon and Litherland, 2001; Gillen et al., 
2001;  Mohamed, 2002), and health care (Agnew, Flin, and Mearns, 2013; Flin, 2007; 
Ginsburg et al., 2009).  While acknowledging that workplaces are singular in certain aspects 
and the safety climate of one workplace might not be the same as that of another, each 
workplace has, at its most fundamental level, a commonality – the worker.  While there is a 
case to be made that there are discrete differences between workers based on a number of 
factors, on a fundamental level, they have many similarities.  Workers go to work, interact 
with other workers, are involved with the safety program of their workplace, follow the 
directives of their supervisors and upper management, and are part of the overall safety 
climate of the workplace.  Given the role safety climate plays in workplace incidents, it is 
important to identify variables that foster a positive safety climate in order to further our 
understanding of the development of safety climate and our ability to enhance it (Beus et al., 
2010).
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While the research in this study has identified factors which influence safety climate 
perceptions in the industries studied, what is still unknown is to what degree or extent these 
factors influence.  A possible avenue for future research would be the addition of a 
qualitative research study which could gather information from employees in the form of 
narrative collection or personal interviews, and to analyze the results from this qualitative 
study to determine if new information regarding safety climate perceptions can be learned 
and: 1) does this new information, if it is revealed, agree with or reinforce the information 
from the quantitative analysis, or 2) does this new information, if it is revealed, disagree with
or refute the information from the quantitative analysis?  The researcher postulates that by 
utilizing established quantitative methodology to identify factors which could be used in 
future research studies carried out under different ontology/epistemology and methodology, 
an opportunity exists to investigate safety climate and its influences to a deeper level. In 
doing so, the usage of the safety climate measure can be extended to further benefit the safety
and health of safety-sensitive workplaces. 
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CHAPTER 4.  A QUALITATIVE INVESTIGATION OF SAFETY CLIMATE
PERCEPTIONS IN TWO INDUSTRIES
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Introduction
Safety climate is commonly measured using questionnaire surveys whose data are 
often reduced to exploratory or confirmatory factors or sub-scales that can be correlated to 
some dependent or criterion variable such as safety-related behavior or injuries (Kongsvik, 
Almklov, and Fenstad, 2010).  Most common are analysis of these surveys through 
Exploratory Factor Analysis (EFA), which seeks to uncover the underlying structure of a 
relatively large set of variables. EFA is a technique within factor analysis whose overarching 
goal is to identify the underlying relationships between measured variables.  Often used in 
conjunction with Reliability Analysis to determine the internal consistency of the survey 
questions, these studies have identified various factors to explain safety climate perceptions 
in the industries or facilities in which they were deployed.
One of the most often cited studies was carried out by Zohar (1980) who examined 20
manufacturing facilities in Israel across a variety of industries.  Utilizing a survey instrument 
consisting of 40 items, the results of analysis concluded that two primary factors – 
management attitudes about safety and management perceptions regarding the relevance of 
safety in general production processes explained safety climate perceptions.  Furthermore, 
the perception of positive safety climate among the employees was correlated with positive 
safety performance according to safety inspectors (Zohar, 1980).
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Further studies carried out since Zohar’s 1980 study have used survey instruments 
which can in many ways trace their roots back to the original 40-item survey. The assessment
of safety climate has been carried out in a variety of industries such as the manufacturing 
sector (Christian et al., 2006; Clarke, 2006; Johnson, 2007;  Zohar, 1980), the construction 
sector (Choudhry, Fang, and Lingard, Cooke, and Blismas 2009; Fang, Chen, and Wong, 
2006; Pousette, Larsson, and Törner, 2008; Lingard, Cooke, and Blismas, 2010; Meliá et al., 
2008;  Shen et al., 2015; Zhou, Fang, and Wang, 2008;  Zou and Sunindijo, 2013), as well as 
various other occupational sectors such as the energy sector (O’Conner et al., 2011); 
hospitals (Singer et al., 2009); oil and gas exploration (Skogdalen, Utne, and Vinnem, 2011);
and the chemical industry (Vinodkumar and Bhasi, 2009).
The quantitative data gathered for the research study discussed in this paper was 
gathered from two sources – agricultural bulk commodity storage/handling facilities, and 
university research laboratories – industry segments which have not had the same frequency 
of safety climate research performed as in other industry segments, as well as lacking 
repeated study of safety climate.  The data gathered from these two sources utilized survey 
instruments which were derivatives of the Zohar Safety Climate Questionnaire (ZSCQ), 
which was developed by Zohar and Luria (2005) to assess safety climate perceptions at the 
organizational level (management perceptions) as well as the group level (supervisor 
perceptions).  Specifically, the data used for the quantitative portion of this research study 
built upon previous work by Mosher (2011, 2013) and Simpson (2015) who utilized the 
ZSCQ in their studies to attempt to assess matters of trust in organizations (Mosher, 2011).
Data from the Mosher (2011) study consisted of responses from 187 participants on a 
32-item survey, each item Likert-scaled from 1 to 5, with 1 indicating “Strongly Agree” and 
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5 indicating “Strongly Disagree”.  Following the analytical methodology seen in previous 
research studies, the data were examined for suitability to fit a model through exploratory 
factor analysis, an initial model fit to determine which variables cross loaded on more than 
one principal factor, subsequent fitting of reduced models to eliminate cross loading, and the 
calculation of goodness-of-fit statistics and a reliability analysis.  Results of the analysis 
indicated two principal factors, named Supervisor Involvement in Safety and Management 
Commitment to Safety and the resulting factors had high Cronbach alpha values (a ≥ 0.90).  
In addition to the ZSCQ data, the Mosher (2011) study also collected demographic data from 
its participants regarding age range, length of tenure at organization, length of tenure with 
their supervisor, education level, self-assessment of fair pay, and self-assessment of overall 
job satisfaction, using a Likert-scaled questionnaire.  These data were analyzed using 
Analysis of Variance (ANOVA) comparing the categorical data for each respondent to their 
overall safety climate score as the dependent variable and it was discovered that two 
variables Fair Pay and Job Satisfaction were statistically significant at the p<0.05 level, thus 
these variables were carried forward as having potential influence on overall safety climate 
perceptions. 
Data from the Simpson (2015) study consisted of responses from 109 participants on 
a 36-item survey, each item Likert-scaled from 1 to 5, with 1 indicating “Strongly Agree” 
and 5 indicating “Strongly Disagree”.  Following the analytical methodology observed in 
previous research studies, the data were examined for suitability to fit a model through 
exploratory factor analysis, an initial model fit to determine which variables cross loaded on 
more than one principal factor, subsequent fitting of reduced models to eliminate cross 
loading, and the calculation of goodness-of-fit statistics and a reliability analysis.  Results of 
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the analysis indicated four principal factors, named Supervisor Communication Reliability, 
Positive Safety Actions, Supervisor Dependability, and Supervisor Consistency by the 
researcher based on which survey questions loaded on which particular factor and what the 
major theme of those questions was.  The resulting factors had high Cronbach’s alpha values 
(a ≥ 0.90) for Supervisor Communication Reliability and Positive Safety Actions, acceptable 
Cronbach’s alpha value (a ≥ 0.70) for Supervisor Personal Stability, and questionable 
Cronbach’s alpha value (a ≥ 0.60) for Supervisor Dependability.   In addition to the ZSCQ 
data, the Simpson 2015 study also collected demographic data from its participants regarding
age range, length of tenure at organization, length of tenure with their supervisor, education 
level, self-assessment of fair pay, and self-assessment of overall job satisfaction, using a 
Likert-scaled questionnaire.  These data were analyzed using Analysis of Variance 
(ANOVA) comparing the categorical data for each respondent to their overall safety climate 
score as the dependent variable and it was discovered that no variables were statistically 
significant at the p<0.05 level.
The results of these two analyses further confirm that factors related to 
organizational-level and group-level constructs are present in the assessment of perceptions 
of safety climate as has been demonstrated in previous studies (Ajslev et al., 2017; Flin et al.,
2000; Liu et al., 2015; Milijic et al., 2013; Zohar, 1980, 2000, 2003, 2010; Zohar and Luria, 
2005).  Further, the results of these analyses agree with previous studies’ findings when 
looking at which survey item questions grouped to particular factors, showing that previously
identified constructs of safety performance (Ajslev et al., 2017; Barbaranelli, Petitta, and 
Probst, 2015; Feng et al., 2014; Milijic et al., 2013; Payne et al., 2009; Smith et al., 2006; 
Wu, Chen, and Li, 2008), safety compliance and participation in safety programs (Clarke, 
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2006; Nahrgang, Morgeson, and Hofmann, 2008), workplace accidents and injuries (Stetzer 
and Hofmann, 1996; Probst, 2004), and human aspects of safety climate, such as 
management attitudes and communication (Kath, Magley, and Marmet, 2010), can be 
thought of as leading indicators of safety.   Despite this validity, researcher attention is 
needed towards theoretical and conceptual issues (Zohar, 2010).  Kongsvik, Almklov, and 
Fenstad (2010) assert that most studies have used one of three approaches to establish the 
relationship between safety climate and safety performance 1) Climate factors are cross-
sectional correlated with subjective measures of safety performance, typically within the 
same questionnaire (e.g. Goldenhar, Williams, and Swanson, 2003), 2) Climate factors are 
longitudinally correlated with subjective measures of safety performance, that is safety 
climate is measured at one point in time and subjective measures of safety performance are 
taken at some later point (e.g. Pousette et al., 2008), 3) Climate factors are correlated with 
objective measures of safety performance such as long-term injury (LTI) rates, frequencies of
near misses (e.g. Cooper and Phillips, 2004).
While a much smaller proportion of the published research than quantitative studies, 
qualitative research as well as the data it collects, could uncover unknown occupational 
hazards and allow for the possibility of creating new indicators to measure safety 
performance (Kongsvik, Almklov, and Fenstad, 2010).  The literature reviewed for this study
indicated that even when researchers are attempting to assess the role of “psycho-social” 
factors such as social and supervisor support (Sampson, DeArmond, and Chen, 2014), quality
of job-related and non-job-related communications (Sampson, DeArmond, and Chen, 2014), 
workplace obstacles such as safety uncertainty (Sampson, DeArmond, and Chen, 2014), 
influence at work (Tholén, Pousette, and Törner, 2013), sense of community (Tholén, 
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Pousette, and Törner, 2013), social support (Tholén, Pousette, and Törner, 2013), and others 
– the analytical methodology employed was quantitative.  According to Kongsvik, Almklov, 
and Fenstad, (2010), some aspects of organizational safety are harder to quantify. While a 
researcher could measure that one employee does not receive sufficient information from 
another employee, it is more difficult to measure the quality and content of the 
communication.  
This research study sought to address the apparent gap in the knowledge base by 
utilizing both quantitative and qualitative data collection and analysis methodologies to 
deepen the understanding of the results collected – to not only understand that a safety 
climate influencing factor exists, but to understand to what degree it influences and how that 
factor is perceived by the workers affected by it.  Kongsvik, Almklov, and Fenstad (2010) 
suggest: “A more basic issue is to what extent organizational safety is within the reach of 
indicators and whether it is a phenomenon that can be factorized, as can be found in both the
safety climate and risk analyses traditions. If one takes a more holistic view, which would 
stress the interrelations between the factorized entities, this remains problematic. Still, both 
the traditions have spurred much relevant safety effort of great value” (pg 1410).  This 
emphasizes the need for studies which not only quantify those things that can be quantified 
but assesses the relationship between factors which could be considered as measures of 
behavior, perceptions, thoughts, and feelings, and how they influence overall safety climate 
perception.  Reflecting on 30 years of his own research as well as the research of others, 
Zohar (2010) stated “...we have achieved an enormous task of validating safety climate as a 
robust leading indicator or predictor of safety outcomes across industries and countries. The
time has therefore come for moving to the next phase of scientific inquiry in which constructs
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are being augmented by testing its relationships with antecedents, moderators and 
mediators, as well as relationships with other established constructs” (pg 1521).
Methods
This research sought to examine safety climate through a mixed-methods approach in 
an attempt to help address the shortage of such bi-analytic studies, and was driven by the 
following research questions:
1.  If gaps in the results of quantitative measures of safety climate are identified, can 
these gaps be closed with the addition of a qualitative method to supplement the data 
collection?
2.  What constructs of safety climate not adequately measured by quantitative safety 
climate survey instruments are revealed or uncovered through employee narrative 
inquiry?
Using the results of the quantitative analyses from both the agricultural bulk 
commodity storage/handling facilities and the university research laboratories, the identified 
factors were used as the basis for formulating questions to be used in the collection of 
narratives from a small random sample of employees from each industry segment.  These 8 
factors are briefly described in terms of how they are conceptualized by the researcher, and 
the narrative collection question formulated to capture data related to how respondents 
perceive the particular factor.
Factor 1(agricultural bulk commodity storage/handling – from (Mosher, 2011) data) – 
Supervisor Involvement in Safety: To what extent, does the perception by employees of 
his/her supervisor being actively involved in the safety program(s) of the facility either 
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through direct action or leadership decisions, affect the employee’s overall perception of the 
safety climate in the workplace?  Question 1 - “Please describe in what way you feel your 
supervisor is involved in fostering a positive safety climate in your facility.”
Factor 2 (agricultural bulk commodity storage/handling – from (Mosher, 2011) data)– 
Management Commitment to Safety: To what extent, does the perception by employees of 
his/her senior management team demonstrating their commitment to improving safety in the 
workplace through direct actions or management decisions, affect the employee’s overall 
perception of safety climate in the workplace?  Question 2 - “Please describe in what way 
you feel upper level or senior management in your facility is committed to fostering a 
positive safety climate.”
Factor 3 (university research laboratories – from (Simpson, 2015) data) - Supervisor 
Communication Reliability:  To what extent, does the perception that a supervisor 
communicates in an open, honest, and consistent manner to his/her employees affect 
perceptions of safety climate?  Question 3 - “Please describe how the reliability of a 
supervisor’s communication influences your perception of safety climate. i.e. a supervisor 
says the same thing from one time to the next or says the same things to different people or 
levels of the organization”
Factor 4 (university research laboratories – from (Simpson, 2015) data)– Positive Safety 
Actions: To what extent, do things like being provided power to correct safety concerns, 
addressing safety concerns in a timely manner and following up on corrective actions, and 
emphasizing safety regardless of production/research deadlines affect perception of safety 
climate?  Question 4 - “Please describe in what ways positive safety actions taken by 
employees or supervisors have an effect on the overall safety climate of the organization.”
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Factor 5 (university research laboratories – from (Simpson, 2015) data)– Supervisor 
Dependability: To what extent, do actions of a supervisor such as following through on 
commitments and sharing relevant information with his/her subordinates affect perception of 
safety climate?  Question 5 - “Please describe in what way the dependability of a supervisor 
(either through things they say or things they do) influence the overall safety climate of the 
organization.”
Factor 6 (university research laboratories – from (Simpson, 2015) data)– Supervisor 
Personal Stability: To what extent, do perceptions of the emotional and personality stability 
of a supervisor by his/her employees affect perception of safety climate?  Question 6 - 
“Please describe in what way the stability of a supervisor’s personality (acts in a consistent 
and predictable manner, responds appropriately to situations) influence the overall safety 
climate of the organization.”
Factor 7 (agricultural bulk commodity storage/handling – from (Mosher, 2011) demographic 
questionnaire data)– Job Satisfaction: To what extent, does an employee’s feeling of 
personal/emotional satisfaction with his/her job (responsibility level, duties performed, 
relationship with co-workers and supervisory personnel, etc.) affect perception of safety 
climate?  Question 7 - “Do you believe that your personal level of job satisfaction has an 
impact on the safety climate of the facility you work in?”
Factor 8 (agricultural bulk commodity storage/handling – from (Mosher, 2011) demographic 
questionnaire data)– Fair Pay: To what extent, does an employee’s feeling of being 
adequately or fairly financially compensated for their labors affect perception of safety 
climate?  Question 8 - “Do you believe that your personal feeling regarding how fairly you 
are paid for your work has an impact on the safety climate of the facility you work in?”
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In addition to these 8 narrative collection questions, a preliminary question “How 
would you personally define the term “safety climate”? was asked in order to “frame” the 
subsequent questions so that as each respondent answered them, that respondent was 
answering the questions in regard to their perception of what safety climate is.  This was 
done not only to ground all the narrative collection questions in a common theme, but also to 
reduce the amount of leading for the questions (e.g. asking respondents to answer questions 
about personal perceptions of a construct term “safety climate” given a pre-existing 
definition rather than allowing respondents to conceptualize safety climate in their own 
words and answer questions about the factors that might influence their perceptions).
The narrative collection was carried out via online survey created in Qualtrics.  A 
message was sent to a list of fifteen individuals across the two industries of interest extending
an invitation to participate in this research study.  Further, the message asked the contacts to 
further extend the invitation to the supervisors and workers under them so as to gather as 
large a pool of participants as possible.  While unknown precisely what number of potential 
participants was, a total of twelve individuals completed the online survey. No identifying 
questions were asked to collect demographic information from the respondents.  The 
following section describes each question asked in the narrative collection, the initial results 
of the analysis, provides the responses in a tabular format, and discusses the themes 
uncovered during the analysis.  
Results
Results of the narrative collection portion of data collection revealed that across the 
respondents, most of the data points indicate that a particular factor/variable has an impact on
a respondent’s personal perception or overall perception of safety climate in the workplace.
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Question 1 - “How would you personally define the term safety climate” - 10 of 12 
respondents indicated they had at least an intuitive sense of what is meant by “safety 
climate”.  Of the 2 remaining respondents, one respondent failed to answer the question 
entirely while the other respondent typed “poorly” for their answer.   Examples from the data
are shown in Table 1.
Table 1.  Responses to narrative question 1
Respondent Q: How would you personally define the term “safety climate”?
1 Safety climate depends on the overall safety of the facility and how employees interact with 
safety. 
2 Feelings and attitudes of all levels of the organization with regards to working safely and 
protecting workers on the job.
3 The attitude of management and workers toward performing their jobs with personal and 
mechanical safety in mind.
4 poorly
5 It is the sense a person has about the safety of the workplace and how serious safety is taken 
by the people that work there
6 Whether or not people in the lab work safely and follow the protocols as well as the overall 
attitude towards safety in general.
7 How safe people feel while at work and their attitude about safety and safety rules
8 The degree of safety in a particular place or venue.
9 The overall sense of how safe the facility is and how people feel about safety and safety rules
10 The degree in which safety of the person is taken into consideration.
11 How safe is the working environment?
12 (no answer provided by respondent)
Repeated words used in these responses include “feel/feelings”, “attitude(s)”, and 
“sense”.  These repeated words indicate to the researcher that these constructs are important 
to the respondents and warrant further scrutiny.  These repeated words also align with the 
definition of safety climate put forth by Zohar (1980) - “a summary of molar perceptions 
that employees share about their work environments” (pg 96) as well as with Denison (1996)
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who defined safety climate - “Climate refers to a situation and it’s link to thoughts, feelings 
and behaviors of organizational members” (pg 644).
Question 2 - “Please describe in what way you feel your supervisor is involved in fostering a
positive safety climate in your facility.” - All respondents indicated their own ideas of how 
supervisors should be involved in fostering a positive safety climate, or they had first-hand 
experience in their workplace with a supervisor who was/is involved in fostering a positive 
safety climate.  Examples from the data are shown in Table 2.
Table 2.  Responses to narrative question 2
Respondent Q: Please describe in what way/s you believe a supervisor is involved in fostering a positive 
safety climate in the workplace.
1 Our boss never lets anything go down that would cause injuries. This includes product safety, 
where she makes certain everybody who works on the line performs regular checks. 
2 Supervisors are leaders and should demonstrate how things should be done safely yet are also 
responsible for enforcing safety at work.
3 His/her attitude toward the safety of his/her subordinates. For instance, are they proactive, 
reactive, or antagonistic toward safety.
4 A supervisor should advocate for the safety of the people who work under them
5 Good supervisors are liaisons between the workers and senior management or 
regulatory/enforcement personnel
6 By leading through example.  If a supervisor follows the safety rules they want employees to 
follow, it builds trust.
7 The supervisor should set the example and explain why safety rules are in place and enforce 
them fairly to the employees
8 A supervisor can implement safety procedures to those in his group, and direct subordinates 
to behave in appropriate manners.  
9 If the supervisor values safety, they can help influence how workers feel and behave
10 By instructing individuals in the laboratory to take measures to keep themselves safe, what to 
do when an accident has occurred, and discussion of hazards prior to the initiation of an 
experiment or procedure.
11 They are primarily responsible to make sure rules from EHS, OSHA, etc. are followed.
12 Protection of rights and enforcement of rules
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Repeated words/phrases in these responses include “supervisor should”, as well as 
verbs describing the actions of a supervisor such as “make certain”, “follows”, “enforces”, 
“leading”, “set the example”, “explain”, “instruct”, and “implement”.  These repeated 
words/phrases and action words or phrases indicate that a supervisor’s direct involvement in 
the safety programs of a workplace has an influence on the safety climate perceptions of the 
workers under he or she.  This aligns with findings of previous studies which identified 
aspects influencing safety climate such as management attitudes and communication (Kath, 
Magley, and Marmet, 2010),  CEOs’ and managers’ safety commitment (Wu, Chen, and Li, 
2008), safety leadership (Conchie, Moon, and Duncan, 2013; Du and Sun, 2012; Eid et al., 
2012; Kapp, 2012; Künzle, Kolbe, and Grote, 2010; Liou, Yen, and Tzeng, 2008; Lu and 
Yang, 2010), and safety management (DeJoy, 2010; Hale et al., 1997; Hale et al., 2010; Hsu,
Li, and Chen, 2010; Hurst et al., 1996; Hurst, 1997; Luria and Morag, 2012; Mosher et al., 
2013).
Question 3 - “Please describe in what way you feel upper level or senior management in 
your facility is committed to fostering a positive safety climate.” - 11 respondents indicated 
that the senior-level personnel in their organization were currently committed to fostering a 
positive safety climate or provided suggestions of how senior-level personnel could 
demonstrate their commitment.  One respondent answered, “I don’t know”.  Examples from 
the data are shown in Table 3.
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Table 3.  Responses to narrative question 3
Respondent Q: Please describe in what ways you believe upper level or senior management in the workplace is
committed to fostering a positive safety climate.
1 Well they send inspectors around multiple times a year to make sure we are following safety procedures.
2 Senior managers try to reduce potential liability and financial loss, so they have a motivation through 
money to keep the workplace safe
3 Are they proactive or antagonistic in making the workplace safe for their employees? Do they listen to the
concerns of the employees? Or are they only active when forced to be due to the union, for instance?
4 Upper level managers should attend more safety meetings and relay information about the impact our 
safety programs are having.
5 Licenses and permits are in the name of the senior personnel and unsafe conditions can put those licenses 
and permits in jeopardy which would affect all people working under them
6 Our senior manager notifies us about inspections and is present when they happen to answer questions we 
might not be able to answer by ourselves.
7 Upper management sets policy about safety and gives responsibility to supervisors to make sure safety 
rules are followed in the workplace
8 Senior level management are most concerned about avoiding liability.  To this end they have an incentive 
to adopt prudent safety measures. 
9 Upper level makes policies that supervisors carry out.  There needs to be good communication
10 I believe they are very committed to keeping the labs a safe environment.
11 I don’t know
12 Embrace changes and enforce safety rules
The responses collected display multiple use of phrases or words associated with 
“liability”, as well as sharing some of the same shared words or phrases as in Question 2’s 
responses, that of “notifies”, “sets policy”, “makes policy”, and “enforce safety rules”.  
Similar to Question 2, these results align with findings of previous studies which identified 
aspects influencing safety climate such as management attitudes and communication (Kath, 
Magley, and Marmet, 2010),  CEOs’ and managers’ safety commitment (Wu, Chen, and Li, 
2008), safety leadership (Conchie, Moon, and Duncan, 2013; Du and Sun, 2012; Eid et al., 
2012; Kapp, 2012; Künzle, Kolbe, and Grote, 2010; Liou, Yen, and Tzeng, 2008; Lu and 
Yang, 2010), and safety management (DeJoy, 2010; Hale et al., 1997; Hale et al., 2010; Hsu,
Li, and Chen, 2010; Hurst, 1997; Luria and Morag, 2012; Mosher et al., 2013).
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Question 4 - “Please describe how the reliability of a supervisor’s communication 
influences your perception of safety climate. i.e. a supervisor says the same thing from one 
time to the next or says the same things to different people or levels of the organization” - 11 
respondents indicated that the reliability/consistency of a supervisor’s communication had an
impact on safety climate.  One respondent answered “no”.  Examples from the data are 
shown in Table 4.  
Table 4.  Results of narrative question 4
Respondent Q:  Please describe how the reliability of a supervisor’s communication influences safety
climate.  For example, does a supervisor saying the same thing from one time to the next or
saying the same things to different people or levels of the organization influence your
perception of safety climate?
1 One manager might say to do things one way and another might say to do things a different 
way, but if there is a discontinuity they make a note to check back with higher authority and 
resolve the problem. Two different managers don't say different things for very long before 
they get things sorted out. All the managers are usually on the same page about safety. 
2 If a supervisor says different things to different people about the same issue it creates 
confusion and this impacts work.
3 Yes indeed. For example, I once brought a safety issue to the attention of management and 
got in trouble for it. Not much later someone was injured by the equipment I raised the 
concern about. I communicated effectively, but management misunderstood my relationship 
to the problem and criticized me for it.
4 Favoritism in the workplace is damaging to the relationship other workers have with a 
supervisor.  Some supervisors play favorites and some people are able to get away with things
that would get some other people fired.
5 Knowing how a supervisor will reply from one time to the next when a safety concern is 
brought up is necessary to build trust and keep workers willing to report those things they 
notice on the job
6 I realize that what a supervisor talks about with their boss isn’t the same as what they talk 
about with us, but we can only hope the message about safety is the same.
7 Yes.  If a supervisor is not consistent in what they say or if they say different things to 
different levels of people, it makes us feel like the priority of safety is avoiding regulators 
instead of protecting us at work
8 It is not necessarily effective for a supervisor to communicate the same things in the same 
manner to everyone under his influence.  The supervisor should gauge how each individual 
will react, and communicate accordingly.  Not everyone needs a stern warning.  But some do.
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Table 4.  (continued)
9 If communication is reliable, employees are more likely to trust what is being said and will be
likely to follow safety rules
10 (no answer provided)
11 This seems very important.  Repeating the same thing is not very effective if it’s not 
understood, even though consistency is a good thing.  We try to use SOPs to standardize and 
discuss lab safety issues regularly to address questions in my lab.
12 Consistency in message to all parties is critical
A recurring theme in the responses from Question 4 appears to be the link between 
consistent communication from the supervisor and the impact it has on trust of the 
employees.  This theme aligns with the findings of previous studies (Kath, Magley, and 
Marmet., 2010; Luria, 2010) which identified organizational trust as partially explaining 
safety climate. 
Question 5 - “Please describe in what ways positive safety actions taken by employees or 
supervisors have an effect on the overall safety climate of the organization.” All respondents 
indicated what kinds of actions could be taken at work to foster a positive safety climate or 
were able to recount examples from their own life demonstrating how positive safety actions 
had helped to foster a positive safety climate in the workplace.  Examples from the data are 
shown in Table 5.
Table 5.  Responses from narrative question 5
Respondent Q: Please describe in what ways positive safety actions taken by employees or supervisors
have an effect on the overall safety climate of the organization.
1 Communication is rapid and definitive. If somebody doesn't know what to do about some 
safety matter, we know who WILL know and we get it resolved as soon as possible. 
2 Having an environment where you are encouraged to point out safety concerns and correct 
them or get them corrected helps to build a good environment and workers feel involved in 
safety at work
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Table 5. (continued)
3 Again, is management proactive in determining and correcting safety issues, or do they only 
respond to concerns raised, or do they resist making any changes (Investing money) in things 
that will make the workplace safer?
4 When safety feels like something positive instead of punitive it gives people a sense that 
safety is important, and all people can take part in it and make it better
5 A supervisor that points out when we do something right and safely makes us feel as though 
we are doing the right things.  Many supervisors only say something when there is a problem, 
and that makes people want to recoil from them
6 Our supervisor encourages us to bring up safety concerns in our weekly meetings and we go 
through them as a group to correct them immediately or generate ideas of how to fix them.  It 
makes us feel involved and that our supervisors and management care about our safety
7 If people show they are involved or can be involved in how safety is applied at the workplace,
we feel like it's something we have a say in instead of something that is done to us.  Plus, if 
people can be involved, we feel like we are more connected to safety overall
8 It depends on the extent.  Minor things--e.g., picking up a paperclip off the floor--likely have 
a minor impact.  Major things--e.g., reporting an electrical outlet that appears to be shorted 
out--may have a major impact.
9 If you see people doing safe things, it makes others want to do the same.  Kind of a peer 
pressure.
10 Recognizing and encouraging safe behaviors and persons that demonstrate these behaviors. 
11 It depends on what is meant by “positive safety actions”.  If this can be inferred to be any 
positive act to prevent a safety issue, then it’s very important that everyone is involved and 
brings up any potential issues so that safety can be maintained.
12 Acceptance, transparency and standing up for the rights of those under your supervision
Repeated words in the responses include “encouraging” and “involved”.  Across the 
responses to this question, a theme of positive involvement appears to emerge.  The 
responses to this question and the emergent theme align with the findings of previous studies 
which identified factors such as organizational social support (Conchie, Moon, and Duncan, 
2013; Huang, You, and Tsai, 2012), and safety action reciprocity (DeJoy et al., 2010) as 
being influential in explaining safety climate perceptions in the workplace.
Question 6 - “Please describe in what way the dependability of a supervisor (either through 
things they say or things they do) influence the overall safety climate of the organization.” - 
11 respondents provided examples demonstrating how the dependability of a supervisor 
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helped to foster a positive safety climate, or how a supervisor being considered dependable 
could help improve safety climate.  One respondent provided no answer.  Examples from the 
data are shown in Table 6.
Table 6.  Responses from narrative question 6
Respondent Q: Please describe in what ways the dependability of a supervisor (either through things they
say or things they do) influence the overall safety climate of the organization.
1 That's easy! Managers who are NOT dependable don't last long where I work. They usually 
weed themselves out. 
2 When a supervisor or manager says they will take care of something, we need to know they 
will do what they say.  If they don’t, it hurts the trust we have with them and makes work 
more difficult
3 If something is brought to the attention of the supervisor, is it addressed promptly, or is it 
neglected due to forgetfulness or any other reason? The more unreliable the supervisor is in 
addressing safety issues, the less motivated the subordinates are in noticing and reporting 
safety issues.
4 Supervisors need to build relationships with the people under them, and being a dependable 
person through both words and actions is important to build that relationship as well as 
maintain it
5 It helps a great deal to know that when a supervisor says they will address something you’ve 
brought up to them that they will do what they say.  If they don’t we would be less likely to 
bring things up to them in the future and that might lead to safety issues being overlooked.
6 Not being able to count on a supervisor to do the right things or what they say they’ll do 
makes it hard to work with them or for them
7 We need to know that if we have a safety concern that the supervisor will pay attention to it 
and take care of it.  Also, we need to see fair treatment of people so that some people don't get
away with breaking rules while others get in trouble for doing the same things
8 Subordinates may be more likely to listen and adhere to a dependable supervisor. Note: A 
"dependable" supervisor is not the same as a supervisor who communicates in a consistent 
manner from a few questions ago. 
9 If you know how a supervisor will respond, you know what to expect and with safety you 
might be more willing to talk about safety issues with them.
10 I believe a supervisor greatly influences this behavior.  If it is innate in the group because the 
leader is talking about it and demonstrating safe behaviors other will naturally follow.  The 
same is true when leaders do not.
11 It’s important to an extent but having a good protocol and common ground and frequent 
discussion to follow through consistently on the protocol is more important.  Dependability of
a supervisor to uphold safety SOPs and support staff in this way is important.
12 (no answer provided)
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Responses to this question make frequent mention of communication and its 
importance, as well as the need for a supervisor to be “counted on” or “do what they say”.  
From the responses to this narrative question, a theme of deeds matching words appears to 
emerge.  The responses to this question and the emergent theme align with the findings of 
previous studies which identified safety leadership (Conchie, Moon, and Duncan, 2013; Du 
and Sun, 2012; Eid et al., 2012; Kapp, 2012; Künzle, Kolbe, and Grote, 2010; Liou, Yen, and
Tzeng, 2008; Lu and Yang, 2010), organizational trust (Kath, Magley, and Marmet., 2010; 
Luria, 2010), and organizational social support (Conchie, Moon, and Duncan, 2013; Huang, 
You, and Tsai, 2012) as being influential to safety climate perceptions.
Question 7 - “Please describe in what way the stability of a supervisor’s personality (acts in
a consistent and predictable manner, responds appropriately to situations) influence the 
overall safety climate of the organization.” - 11 respondents provided examples to explain 
how a supervisor’s personality can or does affect the safety climate of a workplace.  One 
respondent answered, “choose not to comment”.  Example data are shown in Table 7.
Table 7.  Responses from narrative question 7
Respondent Q: Please describe in what ways the stability of a supervisor’s personality influences the
overall safety climate of the organization.
1 Choose not to comment
2 Supervisors with unstable or volatile personalities are difficult to work with and there is either
high employee turnover or if we are lucky the supervisor gets transferred someplace else.
3 When one doesn't know whether or not the supervisor will react hostile to a suggestion or 
concern, one tends to avoid risking interaction with such a supervisor.
4 Everyone has a bad day sometimes, but it’s unacceptable to have a supervisor who is always 
overreacting to situations.  
5 Knowing how a supervisor will react when you talk to them about a problem at work makes it
easier to bring things to their attention.
6 When a supervisor has swings in their personality it’s difficult to know how to interact with 
them and that impacts how employees do their jobs.  Having a stable personality makes 
building and maintaining a working relationship much easier
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Table 7. (continued)
7 If a supervisor is helpful one time and blows up the next, it makes it difficult to talk to them 
and we're less likely to want to bring things to their attention that need to be taken care of.  
We need to know how the supervisor will respond from one time to the next so we can trust 
them and have a good relationship with them
8 Supervisors who act consistent help create and build trust with workers and make working 
easier especially where safety is concerned
9 If you know a supervisor won’t blow up if they see you do something wrong, you wont want 
to hide safety problems.  Supervisors should have stable personalities
10 When supervisors are only concerned during times of inspection it does not encourage a safe 
climate.
11 This is critical.  Juggling personal makes it hard to keep an eye on all safety issues, especially 
emerging ones. With all of the demands placed on PIs, it is a challenge to always know all of 
the potential safety issues and having personal to help watch and report issues and enforce 
policy is critical.  It takes a team effort.
12 If they are not consistent, appearances are everything, if they waffle then others do not feel 
the message is consistent or real and they will not take a chance to express themselves.
Responses to this question, by and large, appeared to be slanted towards the negative, 
using words such as “unstable”, “volatile”, “unacceptable”, “blow up”, “overreacting”, etc. 
Previous studies have found that aspects of safety climate, such as management attitudes and 
communication, have an effect on organizational safety-related behaviors (Kath, Magley, and
Marmet, 2010).  Further research (Coyle-Shapiro and Kessler, 2000) indicates that employee 
perceptions of management meeting its obligations leads to both increased employee 
commitment, as well as trust in the organization (Robinson, 1996).
Question 8 - “Do you believe that your personal level of job satisfaction has an impact on 
the safety climate of the facility you work in?” -  All respondents felt that their own level of 
satisfaction with the job has a definite impact on the safety climate of the workplace.  This 
question garnered the second most verbose answers of the survey, with all respondents 
speaking of job satisfaction in terms of current employment situations or of previous jobs and
doing so with multiple sentences.  Examples from the data are shown in Table 8.
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Table 8.  Responses from narrative question 8
Respondent Q: In what ways do you believe that your personal level of job satisfaction impacts the safety
climate of the workplace?
1 I'm the kind of person who doesn't like to climb ladders, so it is a matter of personal interest 
to me to make sure things are safe at work. 
2 Working a job you aren’t satisfied with is stressful and it occupies your thoughts.  This can 
impact safety if you are distracted thinking about how much you don’t like your job and 
aren’t engaged or paying attention and just trying to get done to go home
3 When one is satisfied, one is more concerned about the success of the company (which 
includes its safety atmosphere). When one is dissatisfied, one doesn't have the energy to care 
so much about safety issues.
4 Being able to enjoy work is important to reduce your stress.  If you like your job and the 
people you work with, you’ll want to do the right things to keep the atmosphere positive
5 Not only my personal satisfaction, but if others in the workplace aren’t satisfied, there is a 
tension in the air and other people can pick up on that
6 If I don’t like the job I have, I’m thinking about the new job I should get someplace else and I
won’t care much about safety where I am except for mine until I can leave for a new job that I
will like better
7 If I like my job and the people I work with, I'm more likely to feel more invested in the safety 
of me and my coworkers.  If other people feel the same, I think it improves the safety climate 
of the workplace
8 When I am more satisfied in a particular job, I tend to take greater care and thus be safer.  
OTOH, in some jobs I've loved I have simply been overwhelmed with work.  In those jobs I'd 
be more likely to cut corners with respect to safety procedures.  
9 If i like my job, i will stay there longer and feel connected to my coworkers and their safety as
well as mine.  Ill leave a job i don’t like.
10 As a supervisor, I feel that my level of job satisfaction and concern over lab safety will 
greatly impact those that work with me.
11 I think happy workers will be more careful in what they do and less likely to make an error 
that could impact safety.
12 If I am not comfortable or feel threatened, morale will be low and I will not be dedicated 
towards positive outcomes, I won't care if they don't care about me.
Repeated words in the responses to this question include “satisfied” and “like”, as 
well as a repeated line of thought talking about leaving or quitting a job the respondent is not 
satisfied with.  Previous studies have identified a relationship between job satisfaction and 
safety climate (Flin et al., 2000; Mearns, Whitaker and Flin, 2003; Neal and Griffin, 2004; 
Nielsen and Mearns, 2011; Siu, Phillips and Leung, 2004).  The collected responses to these 
narrative questions appear to align with these previous studies’ findings.
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Question 9 - “Do you believe that your personal feeling regarding how fairly you are paid 
for your work has an impact on the safety climate of the facility you work in?” - 11 
respondents felt that being paid fairly had an impact on safety climate in the workplace.  It is 
interesting to note however, that in the narratives, the respondents spoke of being paid fairly 
in parallel with job satisfaction, and that if a person was not paid fairly for their work that 
they would be seeking employment elsewhere.  One respondent answered “N/A, I am an 
unpaid intern”.  Examples from the data are shown in Table 9.
Table 9.  Responses from narrative question 9
Respondent Q: In what ways do you believe that your personal feeling of being paid fairly for your work
has an impact on the safety climate of the facility you work in?
1 Doesn't matter. I'm not going to petulantly do my job poorly just because I don't think I'm 
being paid enough. If I really am convinced I'm not getting enough money, I'll go get a job 
somewhere else.
2 Workers feeling as though they aren’t being fairly compensated leads to negative feelings 
about work in general and they will begin taking shortcuts and not giving their best effort.  
They will reduce their efforts and their attention to a level where they feel as though they 
aren’t doing quite so much for no adequate compensation for their efforts.
3 One might reason that if the company is too cheap to pay fairly, they are too cheap to invest 
in appropriate safety measures, and therefore one might not bother to mention valid safety 
concerns.
4 Fair pay for the work I do helps me to like the job I am doing.  If I have a positive attitude 
about my work, others likely do as well, and that overall positive attitude influences the safety
climate at work.
5 Sometimes the most engaged people in day to day safety are the lowest paid people because 
they are trying to get raises or promotions and they see being really involved in safety as a 
way to get the attention of their supervisor and recommended for raises.  It works sometimes.
6 Being paid fairly is important for a person’s self esteem about their work and that impacts 
how they do their job, how they work with other people, and how engaged they are in trying 
to keep themselves and others safe at work.
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Table 9. (continued)
7 If I feel like I'm paid fairly, I will like my job more, and I'll be more connected to the safety 
climate.  If I don't think I'm paid fairly, I'll probably only work there temporarily and won't 
have the emotional connection to the workplace and safety climate would be less for me
8 I might take greater care of equipment and facilities in a job where I felt I was being fairly 
compensated.  OTOH, if I was being underpaid I wouldn't stick around long. 
9 If i feel unfairly paid, ill be looking for another job and wont feel connection with my job or 
coworkers.  I wont be involved in the safety but will just go along with it.
10 N/A – I am an unpaid intern
11 This is a hard question to answer- it depends on the level of “fairness”.  I could see if 
someone was very underpaid that they might not feel it so important to take care of all of the 
fine details of their tasks which would include upholding safety policy 
12 It's huge.  If you are pleased with my work and my ethic, then it should mean something to 
you.  If it does, then you should reward that behavior.  If you don't repeatedly, which is 
consistent where I work, then you don't really care.  Money should be first, but even attempts 
like free parking or additional leave would at least be interpreted as attempts to show 
appreciation.
The results of this particular narrative question are insightful because they indicate 
that an employee’s perception of being paid fairly or adequately compensated for their efforts
to have an influence on safety climate perceptions.  There does not appear to be any clear 
link between pay, wages, or compensation and its effects on safety climate in the literature.  
However, the responses to this narrative question also appear to speak of fair pay in similar 
terms to the responses to the question asking about job satisfaction.
Overall, the results from the collection of narratives from the respondents align with 
results of previous research studies which found factors such as management attitudes and 
communication (Kath, Magley, and Marmet, 2010),  CEOs’ and managers’ safety 
commitment (Wu, Chen, and Li, 2008), safety leadership (Conchie, Moon, and Duncan, 
2013; Du and Sun, 2012; Eid et al., 2012; Kapp, 2012; Künzle, Kolbe, and Grote, 2010; 
Liou, Yen, and Tzeng, 2008; Lu and Yang, 2010), and safety management (DeJoy, 2010; 
Hale et al., 1997; Hale et al., 2010; Hsu, Li, and Chen, 2010; Hurst et al., 1996; Hurst, 1997; 
Luria and Morag, 2012; Mosher et al., 2013), organizational trust (Kath, Magley, and 
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Marmet., 2010; Luria, 2010), safety action reciprocity (DeJoy et al., 2010), and job 
satisfaction (Flin et al., 2000; Mearns, Whitaker and Flin, 2003; Neal and Griffin, 2004; 
Nielsen and Mearns, 2011; Siu, Phillips and Leung, 2004) to be influential or play a 
mediating role on safety climate perceptions.  With 93.5% of the narratives collected in this 
study indicating that a factor/variable has an impact on a respondent’s personal perception or 
overall perception of safety climate in the workplace, these results align with the results of 
previous studies which used quantitative measures to assess safety climate perceptions versus
this study’s qualitative measure.
One of the research questions asked about gaps within the quantitative measures. If 
gaps in the results of quantitative measures of safety climate are identified, can these gaps be 
closed with the addition of a qualitative method to supplement the data collection? The 
results of this qualitative approach to assessing safety climate do not disagree with the results
of previous studies which used a quantitative assessment tool.  While there was no new 
information gained from this study’s approach that might indicate the quantitative assessment
is lacking, the researcher believes using a two-prong approach to data collection has the 
ability for each type of collection to validate or invalidate the other, each case leading to an 
increase in knowledge regarding which factors influence safety climate and at what degree.  
A recurring argument against the use of qualitative methods for organizational safety 
challenges is that they are time consuming and resource intensive (Kongsvik, Almklov, and 
Fenstad, 2010).  However, it is important to investigate how safety climate is related to more 
generic psycho-social conditions in an organization in order to understand how psychological
and social conditions are related to safety at work (Tholén, Pousette, and Törner, 2013).  
While perhaps not appropriate for every problem in organizational safety nor every 
96
assessment of safety climate due to the plethora of difficulties in carrying out research in a 
workplace environment, the use of both quantitative and qualitative methods of data 
collection and analysis provides a richness of data that allows for a more thorough 
understanding of the phenomena of safety climate in the workplace and how it may/can be 
impacted to meet organizational goals.
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Abstract
Grounded Theory is a research methodology which has been used in the social 
sciences since the 1960s.  Allowing researchers the freedom to investigate a research topic or
problem without formulating a hypothesis to test against, Grounded Theory also allows 
researchers the ability to collect data through multiple streams and at multiple points through 
the study until the researcher feels that enough information has been gathered to properly 
answer the research questions.  The study discussed in this paper uses the basics of Grounded
Theory to investigate perceptions of safety climate, combining data streams from quantitative
analysis of survey data as well as qualitative analysis of narrative collection data.  The 
combined data are used to put forth a new definition of safety climate as it pertains to the 
populations sampled in this study.
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Introduction
Safety climate in the workplace has received much research attention over the years 
(Cooper and Phillips, 2004; Neal and Griffin, 2000; Guldenmund, 2000; Zohar, 1980, 2000, 
2002a, b; Zohar and Luria, 2003, 2004), and have expanded upon the original work by Zohar 
(1980). Zohar (1980) initially studied 20 Israeli factories across a variety of industries and 
defined safety climate as “a summary of molar perceptions that employees share about their 
work environment” (pg 96).  Safety climate can also be conceptualized as employees’ shared 
perceptions of how safety practices, policies, and procedures are implemented and 
prioritized, compared to other priorities such as productivity (Smith et al., 2006). It can also 
be described as a multidimensional construct believed to influence the safety behavior of 
workers at the individual, group, or organizational level (Smith et al., 2006). Yet, safety 
climate is only one variable that contributes to safe behavior and influences accident and 
injury rates. (Beus et al., 2010).  Additionally, recent meta-analyses (Beus et al., 2010; 
Christian et al., 2009; Kuenzi and Schminke, 2009) suggest a positive relation between safety
climate and safety outcomes, which is to say that a positive safety climate correlates with 
positive safety performance (lack of incidents/injuries in the workplace).
Safety climate has been identified as an important predictor of a positive safety 
performance, with safety climate playing a mediating role in the relationship between safety 
leadership of the organization and the safety performance of the organization (Ajslev et al., 
2017; Barbaranelli, Petitta, and Probst, 2015; Feng et al., 2014; Milijic et al., 2013; Payne et 
al., 2009; Smith et al., 2006; Wu, Chen, and Li, 2008).  Safety climate has demonstrated 
positive associations with safety compliance and participation (Clarke, 2006; Nahrgang, 
Morgeson, and Hofmann, 2007) and negative associations with workplace accidents and 
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injuries (Hofmann and Stetzer, 1996; Probst, 2004).  Kath, Magley, and Marmet, (2010) also 
found that human aspects of safety climate, such as management attitudes and 
communication, also have an effect on organizational safety-related behaviors.
The majority of safety climate research follows the framework proposed by Zohar 
(1980) which utilizes a multi-item survey instrument whose data are examined through some 
form of structural equation modeling such as exploratory factor analysis which seeks to 
uncover latent factors which reveal shared perceptions of the organization’s safety climate, or
state another way, exploratory factor analysis allows researchers to investigate concepts that 
are not easily measured directly by collapsing a large number of variables into a few 
interpretable underlying factors.  This original study found factors of:
1.  Importance of safety training
2.   Effects of required work pace on safety
3.   Status of safety committee
4.   Status of safety officer
5.   Effects of safe conduct on promotion
6.   Level of risk at work place
7.   Management attitudes toward safety
8.  Effect of safe conduct on social status
These factors were clustered into five core constructs of safety climate: management 
commitment to safety, supervisory safety support, coworker (safety) support, employee 
(safety) participation, and competence level (Zohar, 1980).  Numerous studies carried out 
since 1980 (see Nahrgang, Morgeson, and Hofmann, 2007; Christian et al., 2009 for meta-
analyses) utilized an instrument similar to or derived from the original Zohar instrument.
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While not explicitly stated as such, these previous studies are often associated with a 
Positivist epistemology.  These studies, in their quest for objective knowledge through theory
testing and deductive reasoning, seek to explain how and why things happen through 
approaches such as measurement, statistical logic, and correlation.  Through the 
administration of a survey instrument and subsequent data analysis, a researcher is able to 
determine through a combination of statistical results and theory, which survey questions 
adequately group together and what that grouping is based upon, allowing for the naming of 
factors.  These results are often combined with a reliability analysis and the presentation of 
Cronbach’s alpha values demonstrating how well the items under a particular factor group 
together and measure what they are purported to measure.  Through these statistical and 
reliability analyses, the results of these types of studies can be written up and discussed in 
terms of “the following factors influence safety climate perceptions”.  This process is 
graphically represented in Figure 1.  The research discussed in this paper seeks to ask another
level of question, namely “now that potential factors influencing safety climate have been 
identified, to what degree do those factors influence and can be assessed through an 
additional data collection?”
Figure 1.  Diagram of basic Positivist research process
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The Positivist epistemology allows for research which is rigorous and can be 
replicated.  Through the write up of results and recommendations for future research, 
researchers are able to use results of previous studies to aid in the formulation of new 
research questions. Researchers educated in natural science fields which rely nearly 
exclusively on quantitative analyses of data are familiar and comfortable with the Positivist 
perspective.  This concept contrasts with the Interpretivist epistemology, found in social 
science disciplines and often termed a “qualitative” view. 
Fewer research studies performed over the last nearly 40 years have been 
conceptualized or carried out in a purely qualitative manner. Published research in health 
care, nursing, and mental health care has used a qualitative approach (Flin, 2007; Zuniga, et 
al., 2013). Other studies have focused on psycho-social/socio-technical issues such as 
organizational leadership (Chughtai, 2015; Clarke, 2013; Hoffmeister et al., 2014; O’Dea 
and Flin, 2001; Wu, Chen, and Li, 2008), management systems (Hale et al, 2010; Makin and 
Winder, 2008; Whitener et al., 1998) and have approached measurement of these issues 
using quantitative methodology, furthering the positivist approach to investigating safety 
climate.  If it is assumed that a workplace and its workers, supervisors, and management can 
be thought of as a social structure, then it seems reasonable that using qualitative measures 
would aid a researcher in more thoroughly investigating the topic of safety climate.   By 
using both quantitative and qualitative methods of data collection and analysis, the researcher
has the potential for a more diverse and richer pool of data and results from which to 
postulate results regarding not only what factors influence safety climate perceptions, but 
also to what degree they influence those perceptions. 
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Many published quantitative studies conclude the potential existence of psycho-social
and socio-technical factors (Avci and Yayli, 2014; Cooper and Phillips, 2004; Tholén, 
Pousette, and Törner, 2013; Sampson, DeArmond, and Chen, 2014; Zúñiga et al., 2013).  
Generally, these are discussed in terms of avenues for future research and if follow-up 
studies are performed, these issues are examined using quantitative instruments.  Safety 
climate has been historically been measured quantitatively using Likert-scaled surveys 
analyzed through some statistical method, and the results of which can be compared to other 
occupational data such as accident reports, hazard analysis, environmental monitoring, 
engineering controls, worker’s compensation, and a myriad of other topics which produce 
data that can be counted, sorted, and analyzed for patterns.  However, the human nature of 
workers – thoughts, feelings, perceptions, and motivations – are topics which are challenging
to adequately quantify and which lend themselves to qualitative measures such as interviews,
narrative collection, and ethnographies.  Seen from a review of relevant literature, research 
into the topic of safety climate is an either/or proposition.  Either investigated quantitatively 
or investigated qualitatively.  Either approaching research questions from a Positivist 
perspective or approaching them from an Interpretivist perspective.  Little published research
has approached the problem from an epistemology that bridged the gap between Positivism 
and Interpretivism. Further, using both quantitative and qualitative methods of data collection
allowing researchers to address different types of research questions.  Figure 2 shows the 
process of the proposed mixed-methods approach using Grounded Theory as the bridge 
between the currently favored methods.
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Figure 2.  Diagram of basic mixed-methods using Grounded Theory
Grounded Theory
Grounded theory was developed and introduced to the research community by Glaser 
and Strauss (1967), where the authors postulated that neither quantitative nor qualitative 
research methods were successful in closing the gap between theory and empirical research 
(Babchuk 2009).  The research climate of the 1960s was largely deductive and focused on 
testing rather than developing theory (Glaser and Strauss, 1967), where researchers examined
hypotheses by measuring variables, providing them with powers of prediction and control 
(Glaser 1978).  Due to the favoritism towards quantitative research, the 1960s were 
characterized by a prominent distaste towards ‘impressionistic, anecdotal, unsystematic, and 
biased’ qualitative research (Charmaz 2006).
Glaser and Strauss (1967) also noted an overemphasis on the verification of theory 
and a lack of emphasis on discovering concepts grounded in the data of the research.  
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Arguing that part of the utility of theory in sociology were that theory be usable in practical 
applications and give practitioners both understanding and some control, Glaser and Strauss 
(1967) proposed that this understanding and control could be better accomplished through 
“systematic discovery of the theory from the data of social research” (pg 3) (Glaser and 
Strauss, 1967).  Rejecting the traditional positivist-oriented quantitative methodologies that 
had dominated social science research, Glaser and Strauss offered a new approach to inquiry 
– grounded theory – based on rigorous and systematic qualitative procedures which seek to 
develop a theory based on the data, rather than the non/verification of a pre-existing 
hypothesis (Babchuk, 2009).  Inductive methods were applied in grounded theory, which 
enabled development of theory through iterative and systematic processes involving manual 
coding, categorizing and comparing data, without guidance of a preconceived theory (Glaser 
and Strauss, 1967).  This approach agreed with positivist epistemological view, as it was 
systematic, rigorous, and could be replicated (Charmaz 2006, 2008, Bryant and Charmaz, 
2007), and also incorporated the symbolic interactionism view of qualitative research, which 
calls for ‘human reflection, choice, and action’ (Charmaz, 2008).
 Grounded Theory was groundbreaking when developed because it defied a long-
standing belief that qualitative research was disorganized and unmethodical. For the first 
time, it combined data collection and data analysis into one collective task and encouraged 
theory development (Charmaz, 2008).  Grounded Theory’s original methodology was 
characterized by an ongoing and systematic process of collecting, coding, analyzing and 
theoretically categorizing data using information that emerges from the data itself, rather than
forcing preconceived ideas onto the coding and subsequent analysis (Lauridsen and 
Higginbottom, 2014).  The central principle of data analysis in Grounded Theory research is 
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constant comparison – as issues of interest are noted in the data, they are compared with 
other examples for similarities and differences (Lingard, Albert, and Levinson, 2008). After 
initial data is coded and categorized, additional data are sought through further sampling and 
compared to emergent categories until data saturation occurs.  Saturation referring to 
ensuring that adequate and quality data are collected to support the study.  This method of 
“constant comparison” allows for the development of a theory which is analytically 
grounded in the data (Hood, 2007).  Through the process of constant comparison, emerging 
theoretical constructs are continuously refined through comparison with fresh examples from
ongoing data collection, which produces the ‘richness’ attributed to grounded theory analysis
(Lingard, Albert, and Levinson, 2008).  Popular not only in sociology, but across many other 
disciplines such as health care, nursing, information systems, management, psychology, 
anthropology, social work, and education, grounded theory has gained momentum as a 
qualitative design (Babchuk, 2008; Goulding, 2002).  According to Babchuk (1997), 
grounded theory’s emphasis on simultaneous and ongoing data analysis, theoretical sampling
procedures, and the generation of theory from data collected in the field, seems ideally suited
for furthering the link between research and practice.
Whereas most methodologies develop a theory prior to data collection and the results 
of the data are used to confirm or fail to confirm the theory, Grounded Theory seeks to 
develop its theory after the data has been collected and analyzed and the theory serves as a 
succinct possible explanation of the results of the data which can be further examined, 
refined, or revised as more studies are performed and more data is collected.  Where 
quantitative studies will develop or deploy a research instrument to gather data and the 
results from the instrument are the only results the researcher has to analyze, Grounded 
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Theory utilizes constant sampling which allows the researcher to deploy an instrument, 
analyze the results, then sample further if something interesting emerges from the initial 
sampling.  This process is continued until the researcher feels that they have saturation of 
data from which to draw some conclusions.  Informed Constructivist Grounded Theory 
expands upon this approach by combining the results of the data collected during the study 
with a thorough review of the literature related to the research topic.
Constructivist Grounded Theory
Constructivist Grounded Theory (CGT) was first introduced in 1994 by Charmaz.  
Situated epistemologically between positivism and post modernism, it (CGT) asserted that 
researchers are a part of the world that is studied and the data that is collected (Charmaz, 
1995).  In this initial as well as subsequent writings, Charmaz (1995) proposed an approach 
to GT which was ‘a contemporary revision of Glaser and Strauss’ classic grounded theory’ 
(Charmaz, 2009).  Charmaz (2006) defined constructivism as “a social scientific perspective 
that addresses how realities are made. This perspective assumes that people construct the 
realities in which they participate” (Lauridsen and Higginbottom, 2014).  Therefore, as 
researchers, theories are constructed through past and present interactions with people, 
perspectives and research practices (Gardner, McCutcheon, and Fedoruk, 2012).  
Specifically, Charmaz developed an argument against positivist assumptions that 1) one 
external reality exists, 2) research should be generalizable, and 3) the researcher is an 
objective observer with little influence on the data and the analytic processes (Wertz et al., 
2011; Lauridsen and Higginbottom, 2014).
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 Charmaz (2006) proposed a Grounded Theory (GT) methodology founded on a 
relativist epistemology, which suggests that the theories researchers construct through the 
methods proposed by Glaser and Strauss are affected by the researchers’ interactions with 
people, places, education, and opinions.  Charmaz (2006) further argued that researchers 
cannot separate themselves and their experiences from their research or be truly objective 
about the data, but instead make consistent and ongoing subjective interpretations of the data.
The researchers’ ideas are thought to be grounded in their perspectives, privileges, positions, 
interactions and geographical locations (Charmaz, 2009).  Ultimately, the findings of a 
researcher are not representative of a singular reality but are interpretations of multiple 
realities ‘mutually constructed by the researcher and the participants being researched’ 
(Lauridsen and Higginbottom, 2014 c. Wertz et al., 2011).  Constructivist Grounded Theory 
attempts to develop detailed understanding of underlying social or psychological processes 
within a certain context by exploring social interactions and social structures in more detail 
(Charmaz, 2006).  Using a CGT approach allows the researcher to focus attention on the 
underlying social process that might be occurring in any given context.  While not 
immediately apparent, this underlying social process might emerge over time as the data is 
analyzed and theorizing begins (Charmaz, 2006).  Charmaz (2006) suggested that the final 
theory generated in CGT is a co-construction – the researcher’s construction of the 
participants’ constructions (Lauridsen and Higginbottom, 2014).  Researchers approach their 
research questions with disciplinary interests, background assumptions and a familiarity with 
the literature in the domain, but hypotheses are neither developed nor tested using grounded 
theory, and the theory that “explains” the information and themes in the data emerges 
through a detailed analysis of the data (Lingard, Albert, and Levinson, 2008).  According to 
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Lauridsen and Higginbottom (2014), GT has the potential of a solid methodology through its 
flexibility of approaches that a variety of researchers can match to their own perspectives and
research needs.
Methods
 The investigation of safety climate using the methodology of an informed 
constructivist grounded theory (ICGT) was borne from a review of the literature associated 
with safety climate. Specifically, the work by Zohar (2010) were considered. In the article 
(Zohar, 2010), Zohar reflected on 30 years of safety climate research and the need to expand 
upon what has already been accomplished and to look at safety climate in new way and to 
consider new methods.  The questions presented here represent the thought process of the 
researcher working towards the formulation of research questions. While many of these 
questions challenge the established research methodology in safety climate research, the 
questions can be represented as the intersection of the three spheres of Ontology, 
Epistemology, and Methodology as shown in figure 3.
Figure 3.  Venn diagram of Ontology, Epistemology, Methodology in this study
113
How is safety climate measured?  Asked from both an epistemological and methodological 
perspective, this question seeks to answer – how can the phenomena be investigated or 
studied, and which methods are suitable for our investigation(s)?  A review of literature 
produced numerous studies where safety climate was measured using a survey instrument of 
a specific number of questions. The results of those surveys were examined using statistical 
methods, most commonly through some aspect of structural equation modeling like factor 
analysis, in an effort to determine if there were a smaller number of factors which adequately
explain the variables (Schneider et al., 2000; House, Rousseau, and Thomas-Hunt, 1995; 
Klein, Dansereau, and Hall, 1994; Kozlowski and Klein, 2000; O’Reilly, 1991;  Reichers and
Schneider, 1990; Zohar, 1980, 2000, 2003).  Additionally, while there are research studies 
that suggest safety climate scores are correlated with safety performance (O’Dea and Flin, 
2001; Neal and Griffin, 2000, 2006; Zohar, 1980; Zohar and Luria, 2005), is too much value 
placed on the correlation and suggesting in a veiled manner that correlation is equal to 
causation?  If researchers assess safety climate scores using a survey instrument and after 
analysis an average safety climate score for the population is calculated, what does that 
number mean, exactly?  For example, if a population has a score of 2.39 out of 5.00, what 
does that 2.39 measure?  Is 2.39 better than, say, 2.29?  If so, why and by how much exactly?
Are too many assumptions being made regarding scales?  Have researchers become 
complacent with the use of the Likert-scales to measure safety climate?
When performing a factor analysis of survey data and analyzing the results to 
determine which factors the survey questions load on, the researcher must be involved in 
making the determination at what loading level to use as the cut-off (0.30 refers to a medium 
effect level), and once the survey questions load acceptably on only one principle factor, the 
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researcher must then assign a label or name the factors.  The naming of these factors that 
have emerged from the analysis is based on 1) previous research studies – are these factors 
similar to others that other studies have uncovered? 2) theory – do the questions associated 
with a factor have some commonality to make assigning a useful label to them possible? and 
3) judgment of the researcher – while the output of the factor analysis indicates which survey
questions group together under each particular factor, it is ultimately up to the judgment of 
the researcher to assign a label to those factors to use in the discussion of them in the results 
section of a research paper.  With this aspect of factor analysis in mind, is there not a 
component of making meaning inherent to this approach?  Are researchers not constructing 
understanding and knowledge through this theoretical and judgment-based final step in factor
analysis?
 What is being measured?  If researchers accept the commonly used definition of 
safety climate as “a summary of molar perceptions that employees share about their work 
environment” (Zohar, 1980, pg 96), then what is being measured?  Can, or should 
researchers, measure the way someone thinks about something with a quantitative 
instrument, and if such an instrument is used, what do the results represent?  Fundamentally 
it is accepted that the collected data are merely a snapshot of the time period in which the 
data were taken. While researchers can test-retest to ensure validity, each survey 
administered is but a snapshot.  Perception, being related to learning and understanding, is a 
fluid concept that is influenced by a variety of factors, not the least of which is the emotional 
state of the respondent at the time of the survey.  Can it be said with confidence that these 
survey instruments are accurately gauging the shared perceptions of the workforce in terms 
of safety climate in their facility?  Are researchers assuming that between any two 
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respondents that their individual perceptions of what constitutes positive(good) or 
negative(bad/poor) safety climate are the same?  Are researchers assuming that among the 
sample population the differences in perceptions will average out through the calculations 
and that the average safety climate score is a number that has some sort of meaning in terms 
of how a research sample population perceives safety climate in their facility or workplace?
Are the data sufficient?  Using the results from the statistical analyses performed 
during the course of this research study, the factors identified through exploratory factor 
analysis were Supervisor Involvement, Management Commitment to Safety for the 
agricultural bulk commodity storage/handling facility and Supervisor Communication 
Reliability, Positive Safety Actions, Supervisor Dependability, and Supervisor Consistency 
for the university research laboratories.  For each data set, the results of the analysis showed 
particular survey questions adequately loading on a particular factor. Once those questions 
were reviewed to determine what they might have in common through their wording or what 
they intended to measure, the factor was assigned a name that seemed to make sense in a 
contextual manner.  If measuring individual and group perceptions, then is the naming of a 
factor and presenting the results of the statistical analysis sufficient?  Depending on the 
research questions put forth at the beginning of the study, analysis and presentation of results 
may be sufficient to answer those questions. 
In addition to the multi-item survey which was analyzed using factor analysis, both 
the data sets used for this research also utilized a 6-item questionnaire which collected 
demographic information such as gender, age range, education level, tenure at workplace, 
tenure with current supervisor and frequency of safety training.  The agricultural bulk 
commodity storage/handling facility’s questionnaire had two additional questions asking for 
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self-report ratings of job satisfaction and fair pay.  This small questionnaire, also Likert-
scaled, produced data categorical in nature, and as such, Analysis of Variance (ANOVA) was
used to determine if any of the variables (questions) were statistically significant predictors 
of safety climate scores.  For the agricultural bulk commodity storage/handling facility, both 
job satisfaction and fair pay were found to be statistically significant (p<0.05), while the 
university research laboratory questionnaire did not reveal any statistically significant 
variables.  When combined with the results from the exploratory factor analyses, these data 
provided a total of eight potentially influential factors that might influence the perception of 
safety climate in these two facilities.
What else can be done?  This question asks in a rhetorical manner “Now that the 
exploratory factor analysis on the survey has been completed, the ANOVA on the 
questionnaire has been completed, with valid results – what more about safety climate is 
known now than before the analyses?”  Early in the conceptualization stage of this research 
project, the researcher pushed towards performing a mixed-methods study using both 
quantitative data and qualitative measures in order to answer the research questions.  Mixed 
methods were decided upon for a number of reasons: 1) limited mixed methods research has 
been published in the field of occupational safety and health, 2) to more thoroughly assess 
constructs of thoughts, feelings and perceptions, the additional data collection from a 
qualitative component may reveal new and interesting information, and 3) performing a 
mixed methods study in a field that has not used this method and investigating a research 
topic that has been thoroughly investigated by quantitative studies in the last 40 years is a 
departure from conventional safety climate research.  
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Research Questions
 The following research questions drove this research:
1.  What gaps in knowledge regarding safety climate perceptions in agricultural bulk 
commodity storage/handling facilities can be addressed through application of an informed 
constructivist grounded theory approach to investigation and its additional data collection?
2.  What gaps in knowledge regarding safety climate perceptions in university research 
laboratories can be addressed through application of an informed constructivist grounded 
theory approach to investigation and its additional data collection?
3.  Through additional data collection in these two industries, can a new theory regarding the 
factors that influence safety climate perceptions be developed, and can this new theory refine
our approach to investigating this topic in the future?
Initial Results
Two sets of data were used in this research study.  One came from a large agricultural
bulk commodity storage/handling company (Mosher, 2011), the other from research 
laboratories from a large university (Simpson, 2015). These seemingly dissimilar data sets 
were used because both agriculture and university laboratory research are occupational 
sectors that have historically been under-represented in the literature in terms of safety 
science research.  For each of the data sets, a multi-item survey instrument was used to assess
safety climate, and each set used a derivative of the 40-item Zohar Safety Climate 
Questionnaire developed by Zohar and Luria (2005).  In addition to the safety climate survey 
instrument, both the agriculture and laboratory data included a short questionnaire which 
gathered demographic data (gender, age group, education level, tenure in position, tenure 
118
under supervisor, frequency of safety training), with the agriculture data collecting two 
additional pieces of data – self-reported values of “job satisfaction” and “fair pay”.  Safety 
climate survey data were analyzed using exploratory factor analysis with an additional 
reliability analysis.  The short questionnaire data was analyzed using Analysis of Variance 
(ANOVA).  Across both data sets and both methods of statistical analysis, a total of 8 
factors/variables were identified as being statistically significant in explaining safety climate 
perceptions. 
The factors and statistically significant variables were used as the basis of questions 
for narrative inquiry as the qualitative portion of the research study.  Although it is 
commonly assumed that Grounded Theory is the best suited for developing theories about 
psychological and social processes, narrative inquiry has also been used to theorize psycho-
social processes (Lal, Suto, and Ungar, 2012).  Narrative inquiry first appeared in the work of
researchers from the Chicago School of Sociology in the early part of the 20th century, where
realist ontological perspective dominated, and sociologists and anthropologists were 
interested in the “what” of the stories told (Chase, 2005).  Charmaz (2009) suggested the task
of the researcher is to learn the methods by which participants construct their respective 
realities, and to make further interpretations about this reality by framing a participant’s 
personal meaning and action in large social structures which they may be unaware of 
(Lauridsen and Higginbottom, 2014).  Qualitative researchers are commonly interested in 
individual experiences and processes related to a particular phenomenon, as well as those 
experiences and processes common across a group of participants – this dual concern can be 
addressed by combining methodological approaches which harness the strengths of both 
Grounded Theory and narrative inquiry (Lal, Suto, and Ungar, 2012).  The following 
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questions were developed from the quantitative factors and statistically significant variables 
identified, and the results of the analysis of collected data are discussed below.  These 
questions were distributed via online survey instrument to employees from the two industrial 
sectors discussed earlier, and with the number of respondents who elected to complete the 
survey, a total of 108 data points (12 respondents x 9 questions per respondent) were 
examined for their content.  Results of the narrative collection portion of data collection 
revealed that across the 108 data points, 93.5% of those data points indicate that a particular 
factor/variable has an impact on a respondent’s personal perception or overall perception of 
safety climate in the workplace.
Question #1 to frame all responses – How would you personally define the term “safety 
climate”?  10 respondents had at least an intuitive sense of what is meant by “safety 
climate”.  Of the 2 remaining respondents one respondent failed to answer the question 
entirely while the other respondent typed “poorly” for their answer.  
Factor 1 – Supervisor Involvement – Please describe in what way you feel your supervisor is
involved in fostering a positive safety climate in your facility.  All of the respondents had 
their own ideas of how supervisors should be involved in fostering a positive safety climate, 
or they had first-hand experience in their workplace with a supervisor who was/is involved in
fostering a positive safety climate.
Factor 2 – Management Commitment – Please describe in what way you feel upper level or 
senior management in your facility is committed to fostering a positive safety climate.  11 
respondents felt the senior-level personnel in their organization were currently committed to 
fostering a positive safety climate or had suggestions of how senior-level personnel could 
demonstrate their commitment.  One respondent answered “I don’t know”.
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Factor 3 – Supervisor Communication Reliability – Please describe how the reliability of a 
supervisor’s communication influences your perception of safety climate? i.e. a supervisor 
says the same thing from one time to the next or says the same things to different people or 
levels of the organization.  11 respondents believed that the reliability/consistency of a 
supervisor’s communication had an impact on safety climate.  One respondent did not 
provide an answer to this question.
Factor 4 – Positive Safety Actions – Please describe in what way positive safety actions 
taken by employees or supervisors have an effect on the overall safety climate of the 
organization.  All respondents either had ideas of what kinds of actions could be taken at 
work to foster a positive safety climate or were able to recount examples from their own life 
demonstrating how positive safety actions had helped to foster a positive safety climate in the
workplace.
Factor 5 – Supervisor Dependability – Please describe in what way the dependability of a 
supervisor (either through things they say or things they do) influence the overall safety 
climate of the organization.  11 respondents provided examples from their own life 
demonstrating how the dependability of a supervisor helped to foster a positive safety climate
or had ideas how a supervisor being considered dependable could help improve safety 
climate.  One provided no answer this question.
Factor 6 – Supervisor Personal Stability – Please describe in what way the stability of a 
supervisor’s personality (acts in a consistent and predictable manner, responds 
appropriately to situations) influence the overall safety climate of the organization.   11 
respondents provided examples demonstrating/explaining how a supervisor’s personality can 
or does affect the safety climate of a workplace.  One answered “choose not to comment”.
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ANOVA variable 1 – Job Satisfaction – Do you believe that your personal level of job 
satisfaction has an impact on the safety climate of the facility you work in?  All respondents 
felt that their own level of satisfaction with the job has a definite impact on the safety climate
of the workplace.  In 50% of the responses, the respondents either explicitly stated or implied
that if multiple people in a facility were unsatisfied at work that safety climate could be 
negatively impacted in a cumulative manner.
ANOVA variable 2 – Fair Pay – Do you believe that your personal feeling regarding how 
fairly you are paid for your work has an impact on the safety climate of the facility you work 
in?  11 respondents felt that being paid fairly had an impact on safety climate in the 
workplace.  Of particular note in the narratives, the respondents spoke of being paid fairly in 
parallel with job satisfaction, and that if a person was not paid fairly for their work that they 
would be seeking employment elsewhere.  One respondent answered “N/A, I am an unpaid 
intern”.
Carried out in a semi-structured format, where no specific hypothesis was set nor 
tested prior to beginning the analysis of existing data and collection of new data, the 
anticipation was that the information gathered in the narrative collection would reinforce the 
quantitative analysis.
The results of the narrative collection agree with the quantitative results – that is, not 
only do the statistics indicate a factor or variable has an impact on safety climate perceptions 
in the industries examined in this research, but the information gathered from employees in 
these industries agrees with this.  Additionally, through the additional data collection 
opportunity afforded to the researcher by use of the Constructivist Grounded Theory 
approach to methodology, not only is it possible to make claims about which factors or 
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variables are significant predictors of safety climate perceptions in the workplace, but it is 
also possible to get a sense of to what degree these factors or variables impact.  In this vein, 
research questions 1 and 2 of this study:
1.  What gaps in knowledge regarding safety climate perceptions in agricultural bulk 
commodity storage/handling facilities can be addressed through application of an informed 
constructivist grounded theory approach to investigation and its additional data collection?
2.  What gaps in knowledge regarding safety climate perceptions in university research 
laboratories can be addressed through application of an informed constructivist grounded 
theory approach to investigation and its additional data collection? -  can be answered 
broadly by saying that the addition of a qualitative portion of data collection to examine 
safety climate perceptions failed to uncover gaps in the quantitative assessment. However 
adding the qualitative assessment helped to verify the results of the quantitative assessment 
and the survey instrument used to carry out that portion of data collection.
The third research question:
3.  Through additional data collection in these two industries, can a new theory regarding 
the factors that influence safety climate perceptions be developed, and can this new theory 
refine our approach to investigating this topic in the future? - can be answered in the 
affirmative.  Through the administration of a survey instrument to gather information from a 
target population regarding their perceptions of safety climate → using statistical methods to 
examine that data and uncover a number of latent factors which adequately “explain” safety 
climate perceptions → using the results of the statistical analysis to drive the development of 
a set of questions to administer to the target population in the form of narrative collection → 
gathering the narrative information and examining it for common themes and whether it 
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confirms the results of the quantitative analysis or refutes them → the researcher believes 
that enough information has been gathered and examined to formulate a theory of safety 
climate perceptions.  Limited in potential broader applicability, and perhaps only appropriate 
to the industry segments examined in this study and to the populations sampled, the succinct 
theory is presented below along with discussion where the theory is deconstructed into parts 
and examined for which data corresponds to or grounds each portion.
“Safety Climate is constructed of individual and group perceptions of the overall 
health of the safety programs in the workplace, the relationships with and among the levels
of the organizational hierarchy as they pertain to safety, as well as personal perceptions of 
reciprocity in terms of job satisfaction and fair pay as they pertain to employees and their 
employer.”
Previous research studies (Griffin and Neal, 2000; Kath, Magley, and Marmet 2010; 
Mosher et al., 2013; Mueller et al., 1999; Shannon and Norman, 2009; Zohar, 2000; Zohar 
and Luria, 2003; Zohar and Luria, 2005) have examined safety climate for both group 
(management) and individual (employee) levels.  Data collected as part of this study found 
group and individual constructs to be present in both the agricultural bulk commodity 
handling/storage facility and university research laboratory’s safety climate survey data.  
Specifically, the agricultural bulk commodity data revealed the factors of Management 
Commitment and Supervisor Involvement, while the university research laboratory data 
revealed factors of Supervisor Communication Reliability, Supervisor Dependability, and 
Supervisor Consistency.  Moreover, the responses gathered through narrative collection seem
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to indicate that employees believe the words, deeds, and personalities of people in the 
organization have a direct impact on the overall safety climate of the workplace.  
Specifically, the narratives collection questions corresponding to the factors of Management 
Commitment, Supervisor Involvement, Supervisor Communication Reliability, Supervisor 
Dependability, and Supervisor Consistency were answered by the respondents in such 
manner to indicate either a personal feeling or thought of how this factor might/does 
influence safety climate, or through recollection of a past experience to illustrate the 
influence of a particular factor.  With these group and individual constructs identified 
through both quantitative and qualitative inquiry, this new theory of safety climate contains 
the phrases “Safety Climate is constructed of individual and group perceptions...” as well as 
“...relationships with and among the levels of the organizational hierarchy...”.
Wu, Chen, and Li (2008) identified safety climate as an important predictor of a 
positive safety performance, with safety climate playing a mediating role in the relationship 
between safety leadership of the organization and the safety performance of the organization.
Additionally, safety climate measures perceptions of the CEOs’ and managers’ safety 
commitment and action by employees, which influence the safety organization and 
management, safety equipment and measures, and accident investigations (Wu, Chen, and Li,
2008).  Research literature also indicates that safety climate predicts employees’ motivation 
to work safely, which affects employees’ safety behaviors and subsequent experiences of 
workplace injuries or incidents (Griffin and Neal, 2000; Mueller et al., 1999; Zohar and 
Luria, 2003).  Results from the factor analysis revealed a latent factor of Positive Safety 
Actions as influencing overall safety climate perceptions, and results from the narrative 
inquiry corroborate this with numerous responses from the participants providing examples 
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of how performing a positive action at work with regards to safety, seeing someone else at 
work behaving safely, or supervisors/managers being positively engaged in safety at work 
are influential to the participant’s perception of safety climate.  These results correspond to 
the phrase in the new theory of safety climate “... the overall health of the safety programs in
the workplace...”.
There does not appear to be any clear link between pay, wages, or compensation and 
its effects on safety climate in the literature.  Identified as a statistically significant predictor 
of safety climate perceptions through ANOVA of the supplemental questionnaire distributed 
in the Mosher (2011) study, this variable/factor was spoken of in the results from the 
narrative collection as being influential to safety climate.  However, the responses to this 
narrative question also appear to speak of fair pay in similar terms to the responses to the 
question asking about job satisfaction.  Previous studies have identified a relationship 
between job satisfaction and safety climate (Flin et al., 2000; Mearns, Whitaker and Flin, 
2003; Neal and Griffin, 2004; Nielsen et al., 2011; Siu, Phillips and Leung, 2004).  The 
collected responses to this narrative question appear to align with these previous studies’ 
findings, and the combination of statistical significance for the variables Job Satisfaction and 
Fair Pay with the results of the narrative collection lead to stating in the new theory 
“...personal perceptions of reciprocity in terms of job satisfaction and fair pay as they 
pertain to employees and their employer.”
While the presented theory has more detail than the definition put forth in 1980 “A 
summary of molar perceptions employees share about their work environment” (Zohar, 1980,
pg 96), Zohar used the term “molar” to refer to large units of behavior, and as his 1980 study 
examined 20 facilities in a variety of industries in Israel, his sampling size was vastly larger 
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than the study discussed in this paper, thus he was able to speak in larger terms and units.  
However, the theory presented encompasses not only those factors identified through 
quantitative analyses to be explanatory of safety climate perceptions, but also includes the 
corroboration of the narrative inquiry whose results corroborate with the quantitative results.
Further examination through future research studies is required if the presented theory
is to be further refined.  Through larger scale studies, across a broader scope of industry 
segments, with a much larger number of respondents for both the quantitative and qualitative 
portions of data collection, we may in the future be able to say with confidence what safety 
climate is, what influences safety climate perceptions, and to what extent the identified 
factors influence safety climate.  With this increased understanding, perhaps workplaces 
wishing to assess safety climate in their facilities could have clearer ideas about what is 
influencing the climate in their facility, and how to address those things to foster or increase 
a positive safety climate. 
Conclusion
While there have been previous studies in the field of safety climate research that 
have utilized qualitative methodologies, the bulk of prior studies into this topic have favored 
quantitative methodologies.  Being a topic under a larger natural science construct of 
“safety”, safety climate has been historically considered a topic which lends itself to 
quantitative research – investigating a myriad of topics which produce data that can be 
counted, sorted, and analyzed for patterns.  The human nature of workers – thoughts, 
feelings, perceptions, and motivations – are topics which are challenging to adequately 
quantify and which can lend themselves to qualitative measures.  Safety climate is a complex
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topic, and while Grounded Theory approaches to investigation with its continuous data 
collection leading to “data saturation” are perhaps not appropriate to every study due to the 
time and energy needed to carry them out, these approaches can afford the researcher a 
manner in which to approach the investigation of safety climate when seeking a deeper 
understanding of the problem.
The use of Grounded Theory to approach the investigation of safety climate is 
somewhat a novel and unorthodox approach to investigating a topic in occupational safety 
that has been thoroughly investigated in a variety of industries over the last 40 years.  
Grounded Theory provides not only a set of tools and justifications for approaching the 
research without preconceived notions (no hypothesis testing), to continuously collect data in
order to increase understanding of the research problem (using two different data collection 
streams in this research), but also serves as a challenge to the researcher themselves as it 
encourages new ways to conceptualize a research topic and encourages breaking away from 
the dichotomous either/or approach to investigating topics through only one epistemological 
lens. 
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CHAPTER 6. GENERAL CONCLUSIONS AND RECOMMENDATIONS FOR
FUTURE WORK
General Review of Conclusions
The overriding goal of this research was to determine the viability of examining 
Safety Climate through a research ontology/epistemology and methodology different than 
what has been done previously to determine if new information could be uncovered to further
or more adequately answer what psycho-social/socio-technical factors affect perceptions of 
safety climate in the workplace. Broadly, the research questions asked:
1.  Is the existing safety climate research instrument (ZSCQ) an accurate measure of 
     safety climate in the occupational industries of interest to this research?
2.  What role do demographic factors and qualitative aspects such as self-reported  
     assessments of job satisfaction, attitude about pay, etc. play in overall safety 
     climate?
3.  Are there gaps in data collection that could be addressed by the development and 
     deployment of a qualitative framework like narrative inquiry?
4.  Is Grounded Theory an appropriate epistemology/methodology for the study of a 
     quasi-social phenomena such as safety climate?
Results of the analysis of survey data from the agricultural bulk commodity 
storage/handling facility as well as those of the university research laboratories indicated that
overall, both organizational-level (management) and group-level (supervisors and other 
employees) influences affect overall safety climate perceptions by employees in the 
workplace.  These results are not unexpected, as the research instrument implemented in both
organizational sectors for this research can trace its lineage back to the Zohar Safety Climate 
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Questionnaire (Zohar and Luria, 2005), which was developed to measure the influences of 
both levels (organizational and group) on overall safety climate.  While the naming of the 
factors resulting from the modeling of each data set were unique to the particular analysis 
and were the judgment of the researcher in assigning a label to them, the factors uncovered 
during the exploratory factor analyses are similar to those found in previous studies using 
similar survey instruments to measure safety climate perceptions.
Analysis of the demographic and self-assessment data indicated that perceptions of 
fair pay and overall job satisfaction were statistically significant predictors of overall safety 
climate perceptions by employees.  Results of the narrative collection portion of data 
collection corroborate this assessment, with all respondents indicating that job satisfaction 
has an impact on personal or overall safety climate, and 11 of 12 of respondents indicating 
that perceptions of fair pay have an impact on personal or overall safety climate.  
Additionally, with the majority of responses indicating that a factor/variable has an impact on
a respondent’s personal perception or overall perception of safety climate in the workplace, 
the use of narratives in conjunction with the results of the quantitative analyses indicate that 
not only are the identified factors/variables statistically significant, but also have a personal 
significance to the respondents, further validating the results.
General conclusions from this work emphasize several main points:
1.  Overall perceptions of safety climate are influenced by a variety of psycho-social factors 
such as Management Commitment to Safety, Supervisor Involvement in Safety, Supervisor 
Communication Reliability, Positive Safety Actions, Supervisor Dependability, Supervisor 
Personal Stability, Fair Pay, and Job Satisfaction. Results of narratives confirm that each 
factor play a role in individual perception of safety climate in the workplace.  Specifically:
136
Management Commitment to Safety – Identified as a factor influencing safety climate 
perceptions through EFA and confirmed as being influential to safety climate perceptions 
through narrative collection where 11 of 12 respondents expressed that they felt the senior-
level personnel in their organization were currently committed to fostering a positive safety 
climate or had suggestions of how senior-level personnel could demonstrate their 
commitment.
Supervisor Involvement in Safety – Identified as a factor influencing safety climate 
perceptions through EFA and confirmed through narrative collection where all of the 
respondents had their own ideas of how supervisors should be involved in fostering a positive
safety climate, or they had first-hand experience in their workplace with a supervisor who 
was/is involved in fostering a positive safety climate.
Supervisor Communication Reliability -  Identified as a factor influencing safety climate 
perceptions through EFA and confirmed through narrative collection where 11 of 12 
respondents believed that the reliability/consistency of a supervisor’s communication had an 
impact on safety climate.
Positive Safety Actions -  Identified as a factor influencing safety climate perceptions through
EFA and confirmed through narrative collection, all respondents either had ideas of what 
kinds of actions could be taken at work to foster a positive safety climate or were able to 
recount examples from their own life demonstrating how positive safety actions had helped 
to foster a positive safety climate in the workplace.
Supervisor Dependability -  Identified as a factor influencing safety climate perceptions 
through EFA and confirmed through narrative collection where 11 of 12 respondents 
provided examples from their own life demonstrating how the dependability of a supervisor 
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helped to foster a positive safety climate or had ideas how a supervisor being considered 
dependable could help improve safety climate.
Supervisor Personal Stability -  Identified as a factor influencing safety climate perceptions 
through EFA and confirmed through narrative collection where 11 of 12 respondents 
provided examples to demonstrate and explain how a supervisor’s personality can or does 
affect the safety climate of a workplace.
Fair Pay – Identified as a statistically significant variable influencing overall safety climate 
scores for individuals through ANOVA and confirmed through narrative collection where all 
respondents felt that their own level of satisfaction with the job has a definite impact on the 
safety climate of the workplace.  In 50% of the responses, the respondents either explicitly 
stated or implied that if multiple people in a facility were unsatisfied at work that safety 
climate could be negatively impacted in a cumulative manner.
Job Satisfaction – Identified as a statistically significant variable influencing overall safety 
climate scores for individuals through ANOVA and confirmed through narrative collection 
with 11 of 12 respondents indicating that they felt that being paid fairly had an impact on 
safety climate in the workplace.  
2.  While assessment of the underlying factors influencing overall safety climate perceptions 
can be accomplished through the use of quantitative measures and analysis, determining the 
depth or extent to which those factors influence safety climate perception has been lacking in
previous research studies.  Use of narratives (qualitative) in conjunction with quantitative 
analysis allows the researcher to not only identify which factors potentially influence safety 
climate perceptions statistically, but to confirm these results through qualitative exploration.
3.  Mixed-methods research which combines quantitative research for the identification of 
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influential factors and qualitative research which can use data collection methods such as 
narrative collection, can help to further validate an established research instrument like the 
ZSCQ which has been used extensively to assess safety climate.  This additional data 
collection and comparison could allow for further refinement of research questions in future 
studies if one or more factors exhibits a particularly strong influence on safety climate 
perceptions.
4.  An Informed, Constructivist Grounded Theory is a valid ontology/epistemology and 
methodological approach to exploring safety climate perceptions through its inherent use of 
continual data collection and formulation of explanatory theory after data has been analyzed 
– to develop a theory which explains rather than a hypothesis to be tested against.
Limitations
The manuscripts comprising the previous three chapters have discussed many of the 
limitations of the study, yet another review of them will help to remind the reader of the 
constraints of the conclusions noted above.
The data sets used for this research study were pre-existing and were collected in 
2011 and 2015.  Inherent in using pre-existing data, the limitations of those data collection 
procedures (limitation of sample size, the introduction of selection bias, difficulty 
encouraging participation in research study, etc.) were present as evidenced by the low 
response rate of both data sets.  The Mosher (2011) study’s participant-to-question ratio was 
significantly higher than the Simpson (2015) study, allowing for easier fitting of model and 
better fit statistics, while the Simpson (2015) data and its lower participant-to question ratio 
resulted in a model with more factors which required the elimination of many more cross 
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loading variables to achieve an acceptable model fit, yet still resulted in marginally 
acceptable fit statistics.
The collection of narratives, accomplished from a random sample of current 
employees from both industry segments, was performed years after the initial safety climate 
questionnaire data was collected, which could lead a reader to question whether or not these 
two types of data collection can be collected years apart and be valid and reliable.  An 
assumption was made that the population of workers in each industry segment is roughly 
homogeneous and had not experienced drastic changes in safety climate perceptions over the 
period of a few years. This assumption was made in order to carry out both parts of the 
mixed-methods study in order to demonstrate the validity of using a novel approach in 
ontology/epistemology and methodology in exploring the factors that influence overall safety
climate perceptions.
Through limited respondents in the original data collections used for the quantitative 
portion of this study, as well as the limited number of narratives collected from current 
workers in the two industry segments, the question regarding the applicability and generality 
of this study’s results to a larger population becomes one that must be addressed.  While the 
overall goal of this research was to demonstrate the viability of using a novel approach in 
ontology/epistemology and methodology to studying a topic in safety and health that has 
historically been studied using a realist/positivist epistemology, the researcher believes that 
the factors uncovered through the quantitative analysis are similar to those found in previous 
research studies and the information gathered though the narratives collected correlates to 
those identified factors – and through these two groups of data, the results of this study could 
be generalized to a larger population in either of the industry segments used in this research.
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Generalizing this study’s results to the overall population of all industries and all 
workers is, in this researcher’s opinion, questionable.  If one would assume that safety 
climate perceptions and the factors that influence them are roughly homogeneous, then it 
could be postulated that this study’s results could be generalized to a much larger population 
of workers and industry segments.  However, as the primary goal of this research was to 
determine the potential viability of mixed-methods research when researching safety climate 
perceptions, confidently putting forth any conjecture about the ability of this research to be 
generalized is premature.
 Recommendations for Future Work
This research combined both quantitative and qualitative measures of data collection 
under an Informed, Constructivist Grounded Theory ontology/epistemology and 
methodology.  While some initial findings have been produced, this research has raised a 
number of questions.  Some of these questions might be addressed in future research.  
Recommendations for future research include:
1.  Expansion of the data collection through both quantitative and qualitative methods. 
Strive to have sufficient respondents to the safety climate questionnaire to surpass this 
study’s respondent-to question ratio provide an ample amount of data for fitting of a 
model through exploratory factor analysis.  Additionally, if a researcher wished to make 
the assumption of homogeneity regarding workers, combining survey data from multiple 
assessments from different industries into one larger data set might be carried out for 
analysis and examination of results. 
2.  Once factors have been identified through the factor analysis, follow up with the 
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respondents as soon as feasible to collect narratives from as many subjects as possible so 
that data collected through both quantitative and qualitative methods are from the same 
pool of participants during the same segment of time.
3.  Expand research to include additional regional areas, including countries, to aid in 
determining whether factors identified are “universal” across a broad working population 
or if there are distinct regional/national differences that should be investigated further.
Understanding worker perceptions of safety climate in the workplace and the factors 
that influence those perceptions have been and will continue to be an important focus of 
researchers seeking to improve safety management systems, improving measurable safety 
metrics, and overall improvement of the workplace for employees, supervisors, and 
management.  The research discussed in this manuscript is only the beginning of what can 
potentially be learned by exploring safety climate perceptions through a new perspective and 
approach to the research topic, however this research has established a grounding for further 
work in this area.
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APPENDIX A
ORGANIZATION AND GROUP LEVEL SAFETY CLIMATE
as used in Mosher (2011) research study
Please answer the questions below by circling the number which best matches your opinion
on the safety climate in this organization. Mark your answers in the following ways: 1 =
Strongly agree, 2 = Agree, 3 = Neutral, 4 = Disagree, and 5 = Strongly disagree.
Organizational-Level Safety Climate
Please answer the following questions about your organization’s top management team.
Top management in this organization… 1 = Strongly agree
2 = Agree
3 = Neutral
4 = Disagree
5 = Strongly Disagree
React quickly to solve problems when told about 
safety hazards
1          2          3          4          5
Insist on thorough and regular safety audits and 
inspections
1          2          3          4          5
Try to continually improve safety levels in each 
work area
1          2          3          4          5
Provide all the equipment needed to do the job 
safely
1          2          3          4          5
Are strict about working safely even when work 
falls behind schedule
1          2          3          4          5
Quickly correct any safety hazard no mater what 
the cost
1          2          3          4          5
Provide detailed safety reports to workers 
regarding injuries, near accidents, etc.
1          2          3          4          5
Consider a person’s safety behavior when moving 
or promoting people
1          2          3          4          5
Require each manager to help improve safety in 
his or her work area
1          2          3          4          5
Invest a lot of time and money in safety training 
for workers
1          2          3          4          5
Use any available information to improve safety 
rules
1          2          3          4          5
Listen to workers’ ideas on improving safety 1          2          3          4          5
Consider safety when setting production and speed 1          2          3          4          5
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schedules
Provide workers with a lot of information on 
safety issues
1          2          3          4          5
Regularly hold safety awareness events (meetings,
presentations, etc.)
1          2          3          4          5
Give safety personnel the power they need to do 
their job
1          2          3          4          5
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Group Level Safety Climate:
Please answer the following questions about your supervisor or supervisors.
My supervisor(s) 1 = Strongly agree
2 = Agree
3 = Neutral
4 = Disagree
5 = Strongly disagree
Makes sure we all receive the equipment needed 
to do the job safely
1          2          3          4          5
Frequently checks to see if we are all obeying 
safety rules
1          2          3          4          5
Discusses how to improve safety with us 1          2          3          4          5
Uses explanations (not just forced compliance) to 
get us to act safely
1          2          3          4          5
Emphasizes safety procedures when we are 
working under pressure
1          2          3          4          5
Frequently tells us about the hazards in our work 1          2          3          4          5
Refuses to ignore safety rules when work falls 
behind schedule
1          2          3          4          5
Makes sure we follow all safety rules (not just the 
important ones)
1          2          3          4          5
Insists we obey safety rules when fixing 
equipment or machines
1          2          3          4          5
Praises workers who pay special attention to safety 1          2          3          4          5
Is strict about safety at the end of the day when we
want to go home
1          2          3          4          5
Spends time helping us learn to see problems 
before they arise
1          2          3          4          5
Frequently talks about safety issues throughout the
work week
1          2          3          4          5
Insists we wear our protective equipment even if it
is uncomfortable
1          2          3          4          5
Is strict about working safely when we are tired or 
stressed
1          2          3          4          5
Remind workers who need them to work safely 1          2          3          4          5
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Please mark next to the characteristic which best describes you.
41. What is your gender? _____ Male
_____ Female
42. What is your age? _____ Under 21 years
_____ 21 to 30 years
_____ 31-40 years
_____ 41-50 years
_____ 51-60 years
_____ 61 years or more
43. How long have you worked for this organization? _____ Less than 1 year
_____ 1-3 years
_____ 3-5 years
_____ 5-10 years
_____ 10-15 years
_____ More than 15 years
44. How long have you worked under your current
supervisor?
_____ Less than 1 year
_____ 1-3 years
_____ 3-5 years
_____ 5-10 years
_____ More than 10 years
45. How much education have you completed? _____ Some high school
_____ High school diploma or 
equiv.
_____ Voc./ Comm. College 
Program
_____ Some College
_____ Bachelor’s degree
_____ Graduate degree
46. How often do you receive safety training as part of 
your work?
_____Weekly sessions
_____ Twice-monthly sessions
_____ Monthly sessions
_____ Several times a year
_____ Yearly
_____ Less than once a year
_____ Once – when I started my
job 
47. How fairly do you feel you are paid for what you do ____ Completely fair
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in this organization? ____ Generally fair
____Somewhat fair
____ Not very fair
____ Not at all fair
____ Completely satisfied
48. In general, how satisfied are you with your job? ____ Generally satisfied
____ Somewhat satisfied
____ Not very satisfied
____ Not at all satisfied
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APPENDIX B
ORGANIZATION AND GROUP LEVEL SAFETY CLIMATE
as used in Simpson (2015) research study
Please answer the questions below by circling the number which best matches your opinion
on the safety climate in this organization. Mark your answers in the following ways: 1 =
Strongly agree, 2 = Agree, 3 = Neutral, 4 = Disagree, and 5 = Strongly disagree.
Organizational-Level Safety Climate
Please answer the following questions about your organization’s top management team.
The Principal Investigator of this laboratory... 1 = Strongly agree
2 = Agree
3 = Neutral
4 = Disagree
5 = Strongly Disagree
Reacts quickly to solve problems when told about 
safety hazards
1          2          3          4          5
Insists on thorough and regular safety audits and 
inspections
1          2          3          4          5
Tries to continually improve safety levels in each 
work area
1          2          3          4          5
Provides all the equipment needed to do the job 
safely
1          2          3          4          5
Is strict about working safely even when work 
falls behind schedule
1          2          3          4          5
Quickly corrects any safety hazard no matter what 
the cost
1          2          3          4          5
Provides detailed safety reports to workers 
regarding injuries, near accidents, etc.
1          2          3          4          5
Considers a person’s safety behavior when 
moving or promoting people
1          2          3          4          5
Require each laboratory supervisor to help 
improve safety in his or her work area
1          2          3          4          5
Promotes and encourages safety training for 
workers
1          2          3          4          5
Uses any available information to improve safety 
rules
1          2          3          4          5
Listens to workers’ ideas on improving safety 1          2          3          4          5
Consider safety when setting research deadlines 1          2          3          4          5
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Provides workers with a lot of information on 
safety issues
1          2          3          4          5
Regularly hold safety awareness events (meetings,
presentations, etc.)
1          2          3          4          5
Give safety personnel the power they need to do 
their job
1          2          3          4          5
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Group Level Safety Climate:
Please answer the following questions about your supervisor or supervisors.
My laboratory supervisor(s) 1 = Rarely or never
2 = Seldom
3 = Occasionally
4 = Usually
5 = Always or almost always
Is consistent in his/her dealings with various and 
different individuals
1          2          3          4          5
“Stays the course” and persists, over time, in the 
actions he/she has decided upon
1          2          3          4          5
Will have the same viewpoint tomorrow as he/she 
does today
1          2          3          4          5
Shares relevant information 1          2          3          4          5
Follows through with actions consistent with what 
he/she has said
1          2          3          4          5
Acts in the same way, even in different 
environments
1          2          3          4          5
Says the same thing from one time to the next 1          2          3          4          5
Makes sure information he/she shares is truthful 1          2          3          4          5
Acts as he/she said he/she would in past 
statements
1          2          3          4          5
Acts the same toward those he/she knows 
personally as towards those he/she does not know
1          2          3          4          5
Is open with relevant information 1          2          3          4          5
Demonstrates respect for his/her commitments by 
his/her actions
1          2          3          4          5
Makes sure that what he/she says will take place 
actually occurs
1          2          3          4          5
Does what he/she says he/she will do 1          2          3          4          5
Tells the same story to each person they speak to 1          2          3          4          5
Delivers on his/her commitments 1          2          3          4          5
Provides correct information about past behavior 1          2          3          4          5
Follows through on promises 1          2          3          4          5
Carries out actions he/she said would be taken 1          2          3          4          5
States future results or outcomes accurately 1          2          3          4          5
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Please mark next to the characteristic which best describes you.
What is your gender? _____ Male
_____ Female
What is your age? _____ Under 21 years
_____ 21 to 30 years
_____ 31-40 years
_____ 41-50 years
_____ 51-60 years
_____ 61 years or more
What is your native language?
How long have you worked for this organization? _____ Less than 1 year
_____ 1-3 years
_____ 3-5 years
_____ 5-10 years
_____ 10-15 years
_____ More than 15 years
How long have you worked under your current
principal investigator?
_____ Less than 1 year
_____ 1-3 years
_____ 3-5 years
_____ 5-10 years
_____ More than 10 years
45. How much education have you completed? _____ Some high school
_____ HS diploma or equiv.
_____ Voc./ Comm. College
_____ Some College
_____ Bachelor’s degree
_____ Graduate degree
46. How often do you receive safety training as part of 
your work?
_____Weekly sessions
_____ Twice-monthly sessions
_____ Monthly sessions
_____ Several times a year
_____ Yearly
_____ Less than once a year
_____ Once – when I started my
job 
